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ABSTRACT 
 
This study was carried out on milk samples collected from farms and 
sales points in Khartoum State. Two hundred and forty milk samples were 
randomly collected. One-hundred and twenty milk samples were collected 
during summer and 120 milk samples were collected during winter from the 
same sources. 
The milk samples were examined for microbial quality, chemical 
preservative, drug residues and physical characteristics. Total bacterial 
counts, isolation and identification of microorganisms from antibiotic 
contaminated milk and resistance of isolated bacteria to antibiotics were 
estimated. The chemical preservative residues examination included the 
detection of formaldehyde, hydrogen peroxide, boric acid, carbonate, 
alkalinity of ash and detection of antibiotics residue. The physical properties 
of milk studied were temperature, acidity and pH.  
The present study revealed high average of total bacterial counts (5.15 
× 1011 ± 5.57 × 1011 cfu/ml) in milk samples. During summer season the total 
bacterial counts of milk (1.02 × 1012 ± 3.4 × 1011 cfu/ml) was significantly 
(P< 0.001) higher than winter (1.30 × 1010 216 × 109  cfu/ml). 
In this study it was found that 5 (2.08 %) of the milk samples 
contained formaldehyde, 1 (0.41%) positive to hydrogen peroxide and 4 
(1.6%) showed alkalinity of ash. However all the milk samples examined 
contained no boric acid. Moreover, 30 (12.25 %) and 16 (6.66%) milk 
samples were contaminated with antibiotic and sulphanomide, respectively. 
 ix
The mean temperature of milk samples during summer and winter was 
27 ± 3.79  ْC. During summer and winter seasons the temperatures was 28 ± 
2.44 ْ C and 25± 3.86  ْ C, respectively. The mean acidity (0.20± 0.22 %) was 
highly significant (P< 0.001) compared to that recorded during winter (0.19± 
0.22%). Milk samples revealed mean pH value of 6.6± 0.44, while during 
summer and winter they were 6.7± 23 and 6.6 ± 0.58, respectively. It was 
also found that the mean shelf life of milk samples were 5.2± 1.74 days, 
while during summer the shelf life was significantly (P<0.05) lower (4.5± 
1.92 days) then during winter (5.9± 1.23 days). 
 In the present study most of the bacteria isolated were 
Staphylococcus aureus, Streptococcus spp., Corynebacterium ovis, E. coli, 
Citrobacter spp., Kelbsiella spp., Proteus spp. and Pseudomonas spp. The 
Isolated bacteria showed wide range of multiple resistances and the highest 
resistance was against penicillin, clindamycin, collxacillin and ampicillin, 
while chloramphenicol showed the highest antimicrobial activity against the 
tested organisms followed by gentamicin and pipercillin. 
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 ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
  ﻤﻠﺨﺹ ﺍﻷﻁﺭﻭﺤﺔ
  
 ﺃﺠﺭﻯ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺒﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻓﻲ ﺃﻭﺴﺎﻁ ﺍﻟﻤﺯﺍﺭﻋﻴﻥ ﻭﺒﺎﻋﺔ ﺍﻷﻟﺒﺎﻥ ﻟﻴﻭﻀـﺢ ﻤـﺩﻯ 
 ﻋﻴﻨﺔ ﻤﻥ ﺍﻟﻤﺯﺍﺭﻋﻴﻥ 042ﺘﻡ ﺠﻤﻊ ﻋﺩﺩ . ﻭﺠﻭﺩ ﺭﻭﺍﺴﺏ ﻭﻤﺘﺒﻘﻴﺎﺕ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﻓﻲ ﺃﻟﺒﺎﻥ ﺍﻷﺒﻘﺎﺭ 
ﺼل ﺍﻟﺸﺘﺎﺀ ﻤﻥ ﻨﻔﺱ ﺍﻟﻤـﺼﺎﺩﺭ  ﻋﻴﻨﺔ ﺨﻼل ﻓﺼل ﺍﻟﺼﻴﻑ ﻭﺍﻷﺨﺭﻱ ﺨﻼل ﻓ 021ﻭﻨﻘﺎﻁ ﺍﻟﺒﻴﻊ ﻤﻨﻬﺎ 
ﻴﺭ ﺍﻟﻌـﺩﺩ ﻘﺩ ﺸﻤل ﺍﻟﻔﺤﺹ ﺍﻟﻤﻴﻜﺭﻭﺒﻲ ﺘ .ﻥﺒﺜﻡ ﺘﻡ ﻓﺤﺹ ﺍﻟﺨﻭﺍﺹ ﺍﻟﻤﻴﻜﺭﻭﺒﻴﺔ ﺍﻟﻔﻴﺯﻴﺎﺌﻴﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﻟﻠ 
ﺍﻀﺎﻓﺔ .  ﺜﻡ ﺘﻡ ﻋﺯل ﻭﺍﻟﺘﻌﺭﻑ ﻋﻠﻰ ﺍﻟﻤﻴﻜﺭﻭﺒﺎﺕ ﺍﻟﺘﻲ ﻟﻬﺎ ﻤﻘﺎﻭﻤﺔ ﻟﻠﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ  ﻟﻠﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻜﻠﻲ
ﻓﺔ ﻟﻠﻜﺸﻑ ﻋـﻥ ﻭﺠـﻭﺩ ﺍﻟﻤـﻀﺎﺩﺍﺕ ﺍﻟﻔﻭﺭﻤﺎﻟﻴﻥ، ﺍﻟﺒﻴﺭﻭﻜﺴﻴﺩ، ﺤﻤﺽ ﺍﻟﺒﻭﺭﻴﻙ، ﺍﻟﻜﺭﺒﻭﻨﺎﺕ ﺒﺎﻻﻀﺎ 
ﺒﻴﻨﻤﺎ ﺸﻤﻠﺕ ﺍﻻﺨﺘﺒﺎﺭﺍﺕ ﺍﻟﻔﻴﺯﻴﺎﺌﻴﺔ ﻗﻴﺎﺱ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﻠﺒﻥ، ﺩﺭﺠﺔ ﺍﻟﺤﻤﻭﻀـﺔ، ﻭﻗﻴـﺎﺱ . ﺍﻟﺤﻴﻭﻴﺔ
  .ﺍﻷﺱ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﻲ ﻭﻜﺫﻟﻙ ﺘﻡ ﺘﺤﺩﻴﺩ ﻓﺘﺭﺓ ﺍﻟﺼﻼﺤﻴﺔ ﻟﻠﺒﻥ
  1101 × 5.75 ± 1101 × 5.51ﻭﺠﺩ ﺃﻥ ﻤﺘﻭﺴﻁ ﺍﻟﻌﺩﺩ ﺍﻟﻜﻠﻲ ﻟﻠﺒﻜﺘﺭﻴﺎ ﻓﻲ ﻋﻴﻨـﺎﺕ ﺍﻟﻠـﺒﻥ 
 ± 2101  × 1.20ﻤﺴﺘﻌﻤﺭﺓ ﺒﻜﺘﻴﺭﻴﺔ ﻟﻜل ﻤﻠﻴﻤﺘﺭ ﻭﻭﺠﺩ ﻜﺫﻟﻙ ﺃﻥ ﺍﻟﻌﺩﺩ ﺍﻟﻜﻠﻲ ﺨﻼل ﻓﺼل ﺍﻟـﺼﻴﻑ 
 1.03 ) ﻤﺴﺘﻌﻤﺭﺓ ﺒﻜﺘﺭﻴﺔ ﻟﻜل ﻤﻠﻴﻤﺘﺭ ﻤﻥ ﺍﻟﻠﻴﻥ ﻭﻫﻲ ﺃﻜﺜﺭ ﻤﻤﺎ ﻫﻲ ﻋﻠﻴﻪ ﻓﻲ ﺍﻟﺸﺘﺎﺀ  1101 × 04.6
  .( ﻤﺴﺘﻌﻤﺭﺓ ﺒﻜﺘﻴﺭﻴﺔ ﻟﻜل ﻤﻠﻴﻤﺘﺭ ﻤﻥ ﺍﻟﻠﺒﻥ 901 × 61.2 ±  0101× 
 1،  ﺠﻤﻠﺔ ﺍﻟﻌﻴﻨﺎﺕ ﻴﻭﺠﺩ ﺒﻬﺎ ﺍﻀﺎﻓﺔ ﻤـﺎﺩﺓ ﺍﻟﻔﻭﺭﻤـﺎﻟﻴﻥ ﻤﻥ%( 8.2 )5ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ 
ﺒﻬـﺎ ﺭﻭﺍﺴـﺏ %( 21.5 )03، ﺒﻬﺎ ﻜﺭﺒﻭﻨﺎﺕ  %( 1.6 )4ﺒﻬﺎ ﺒﻴﺭﻭﻜﺴﻴﺩ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻥ، %( 14.0)
ﻜﺫﻟﻙ ﻭﺠﺩ ﺃﻥ ﺠﻤﻴﻊ ﻋﻴﻨﺎﺕ ﺍﻟﻠـﺒﻥ . ﺒﻬﺎ ﺭﻭﺍﺴﺏ ﺍﻟﺴﻠﻔﺎ %( 6.66 )61ﻤﺘﺒﻘﻴﺎﺕ ﻟﻠﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ، 
  97.3 ± 72ﺘﻭﺴﻁ ﺩﺭﺠﺔ ﺤـﺭﺍﺭﺓ ﺍﻟﻠـﺒﻥ ﺒﻠﻎ ﻤ . ﺘﻡ ﻓﺤﺼﻬﺎ ﺨﺎﻟﻴﺔ ﻤﻥ ﺍﻀﺎﻓﺔ ﺤﺎﻤﺽ ﺍﻟﺒﻭﺭﻙ ﺍﻟﺘﻲ 
 ﺒﻴﻨﻤﺎ ﺒﻠـﻎ ﻤﺘﻭﺴـﻁ ﻓﺘـﺭﺓ 6.6 ±44.0   ﻭﺍﻻﺱ ﺍﻟﻬﺎﻴﺩﺭﻭﺠﻴﻨﻲ22.0  ±02.0ﻭﺩﺭﺠﺔ ﺍ ﻟﺤﻤﻭﻀﺔ 
ﻜﺫﺍﻟﻙ  ﺍﻅﻬﺭﺍﺕ ﺍﻟﺩﺭﺍﺴﻪ ﺍﻥ ﻤﻌﻅﻡ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟـﻪ ﻤـﻥ ﺍﻟﻠـﺒﻥ .  ﻴﻭﻡ2.5± 47.1 ﺍﻟﺼﻼﺤﻴﻪ
ﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﻪ ﻤﻨﻬـﺎ ﻋﻠـﻲ ﻤﻘﺎﻭﻤﻪ ﺒﻌﺽ ﺍﻟﻤﻀ ﻋﻠﻲ ﺍﻟﻤﻠﻭﺙ ﺒﺎﻻﻀﺎﻓﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺌﻴﻪ ﻟﻬﺎ ﻤﻘﺩﺭﻩ ﻋﺎﻟﻴﻪ 
ﺒﻴﻨﻤﺎ ﺍﻨﺨﻔﻀﺕ ﻨﺴﺒﻪ ﻤﻘﺎﻭﻤﺘﻬﺎ ﻋﻨـﺩ ﺍﺴـﺘﺨﺩﺍﻡ ( ﻨﺩﺍﻤﺎﻴﺴﻴﻥﻟﺍﻟﻜﺎ، ﺍﻻﻤﺒﺴﻠﻴﻥ، ﺴﻠﻴﻥﺍﻟﺒﺎﻨ)ﺴﺒﻴل ﺍﻟﻤﺜﺎل 
  (ﺍﻟﺠﻨﺘﺎﻤﺎﻴﺴﻴﻥ، ﻤﻀﺎﺩﺍﺕ ﺍﻟﻜﻭﺭﺍﻤﻔﻨﻴﻨﻜﻭل
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 CHAPTER ONE 
INTRODUCTION 
Increasing awareness of public health and food safety issues in 
recent years has lead to a greater interest in milk quality. The growing 
globalization of the world’s markets is making it necessary to meat the 
most stringent requirements in order to sustain trade. In Sudan, where 
agricultural is among the large economic sectors and where dairy are 
of the important agricultural sectors, maintaining high quality of milk 
is of crucial importance to maintain a considerable market share. 
The key milk quality element being regulated is somatic cell 
counts (SCCS). High SCC levels are not known to pose a direct public 
health risk, yet they reflect mammary infection and over all quality of 
management (Ma et al., 2000). Moreover they added that low SCC 
levels have been shown to be related to higher milk yield and better 
dairy product quality and are therefore of economic value.  
Milk contamination by antimicrobial residues occurs by 
prophylactic or other therapeutic use of such products in the treatment 
of mastitis and other diseases in lactating cows.  Moreover residues 
may also occur from fraudulent use in raw milk with the objective of 
prolonging the shelf life of milk. The residues of these antibiotics may 
cause some health problems. Safe milk should not contain residues of 
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antibiotic (Tajelsir, 2001). These residues are a result of treating dairy 
cattle with antibiotic and not with holding milk (Sargean et al., 1998 
and Norman et al., 2000). The presence of antibiotic residues in milk 
is prohibited to protect consumers who may be allergic and to prevent 
emergence of antibiotic resistant organisms. Antibiotic residues may 
also impact the manufacturing process of milk products. 
The objective: 
1. Detection of antibiotic residue in milk. 
2 Assessment of some physiochemical properties of milk collected 
during summer and winter in Khartoum State. 
3. Determination of microbial loads. 
4. Isolation and identification of some pathogenic bacteria associated 
with antibiotic residue contaminated milk during summer and winter 
in Khartoum State.  
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Milk 
Milk is defined as the normal secretion of the mammary glands of 
mammals secreted for the nourishment of their young (Eckles et al., 
1982).  
Milk of all species is complex biological fluid containing a wide 
variety of different constituents and possesses unique physical 
characteristics (Robinson, 1981). It is a suitable growth medium for 
many microorganisms because of the variety of substrates available for 
fermentation such as lactose, fat and protein (IDF, 1994). Milk from 
seven species of domesticated mammals (cow, buffalo, sheep, goat, 
horse, camel and yak) has been used to make traditional fermented milk 
products throughout the world (Kvoger et al., 1989).  
Today manufactures remove much of the milk fat that makes 
milk, cheese, yoghurt, ice cream and butter distinctive and pleasurable 
milk fat, which suddenly became undesirable when medical scientists 
claimed found that saturated milk fat tends to raise blood cholesterol 
levels that could contribute to heart disease (Harold, 2004). 
 
 
 4
2.2 Importance of milk 
Milk is the only food that provides a well balanced array of 
essential nutrients including proteins, fats, carbohydrates, vitamins 
and minerals, in the form which is palatable (Kordylas, 1991). Milk 
and dairy products have become a major part of the human diet in 
many countries over many years; hence considerable attention has 
been paid to improve the dairy production yield (Harding, 1999). Milk 
products contain quality proteins as the whey proteins constitute about 
18% of the protein content of milk and casein which is a protein found 
only in milk and it acounts for 82% of total proteins in milk and is 
used as a standard for evaluating proteins of other foods, since it 
contains all essential amino acids (Jensen, 1995). Moreover he added 
that protein is needed to build and repair body tissues and antibodics 
which circulate in the blood and help to resist infection.  
 The milk nutrients of most importance to humans are proteins, 
calcium, potassium, phosphorus, vitamin A, riboflavin and thiamin 
(Kon, 1972). Milk is a fairly low caloric food so it is a relatively 
expensive source of energy, moreover high fat in milk of tropical 
breeds is a very important part in people’s diet (Payne, 1990). He also 
mentioned that milk fat is very easily digested and is necessary for 
calcium absorption. The body is readily absorbs the calcium found in 
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milk, phosphorus plays a role in calcium absorption and utilization, 
phosphorus is needed in the proper ratio to calcium to form bone 
(Walstra, 2002). He also added that milk is also significant source of 
riboflavin (vitamin B2), which helps to promote healthy skin and eyes, 
as well as vitamins A and D.  
2.3 Milk composition 
 People in Africa use milk from cows, sheep, goats and camels, 
of these sources, cows milk it the most widely produced and processed 
(FAO, 1990).     
 Temperate breads have an average milk composition of 87.3%  
water, 3.7% fat, 3.5%  protein, 12.8% total solid (TS), 4.80%  lactose, 
9.1% solids non fat (SNF) and 0.65% ash (Webb et. al., 1980 and 
Clarence et. al., 1982). 
2.3.1 Water 
 Water content of milk is dependent upon the synthesis of 
lactose and it ranges from a low content in marine mammals to a high 
content in human milk (Walstra, 2002). He also added that cow milk 
contains about 87% water, so the transport of milk from the dairy farm 
to the processing plant involves hauling considerable amounts of 
water. 
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2.3.2   Fat 
 Fat gives milk its characteristic smoothness, flavor and color 
and it contains around sixty six different fatty acids emulsified and 
dispersed in water in small globules, each globule being surrounded 
by a membrane to prevent fusion (Chamberlain, 1990).  
 El Barbary et al. (1983) found that the fat percentage declined 
gradually from the beginning of lactation up to 10 weeks and after that 
the fat percent increased reaching the maximum value (5.3%) at the 
end of lactation period.  
 King (1980) reported that from the first to the fifth lactation, the 
fat percent falls by about 0.03 percent per lactation, fat containing 
around 66 different fatty acids, is emulsified and dispersed in water in 
small globules, each being surrounded by membrane that prevent 
fusion. Moreover milk with a higher fat content generally has large 
globules that give milk its characteristic soft, flavor and color (Payne, 
1990).  
2.3.3   Lactose 
Filer and Reynold (1996) reported that the principal 
carbohydrate in milk is lactose, which is a natural disaccharide 
consisting of one galactose and one glucose unit, and it accounts for 
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about 59% of the solid non fat content of whole milk and about 30% 
of its calories. 
2.3.4 Protein 
 Jensen et al. (1995)  reported that the total nitrogenous 
compound  of milk is composed of numerous specific proteins the 
primary groups of milk protein are the caseins which have an amino 
acid composition that is important for growth and development for the 
nursing of the young’s.  
 Harold (2004) reported that there are  3-4 caseins, the different 
caseins are distinct molecules but have similar structure and these are 
α, ß  and K caseins, milk also contain  lactoglobulin, ß-lactoglobulin 
(5% of whey protein), lactoalbumin, and α lactoalbumin (25% of 
whey protein).  
 Walstra (2002) reported that the major whey proteins in cow 
milk are ß-lactoglobulin, which is an important protein in the 
synthesis of lactose and its presence is central to the process of milk 
synthesis. 
2.3.5 Minor milk components  
 Milk salts, enzymes and vitamins are classified as minor milk 
components. Moreover the milk is rich in calcium chloride, in addition 
it contains small amounts of iron, copper and Zinc (Webb et al., 
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1983). Moreover Jensen et al. (1995) reported that milk also contains 
all fat soluble vitamins (A, D, E, and K)  
2.4 Microorganisms in milk 
 Tanwani and Yadava (1983) categorized the organisms found in 
milk into three groups, organisms excreted in milk which include 
Streptococcus, Staphylococcus, Brucella, Candida, Mycobacterium, 
Salmonella, Listeria, Bacillus anthraces, Corynebaterium, Coxiella, 
Nocardia and rabies virus.  
 Organisms entering milk from outside include Bacillus, 
Pseudomonas, Acetobacter, Corynebaterium and Alcaligenes. 
Organisms that excreting toxins including the following genera: 
Staphylococcus, Salmonella, Escherichia, Clostridium, Bacillus and 
Streptococcus (Tanwani and Yadara, 1983)   
2.4.1 Total bacterial count 
 FDA (1997) reports showed that the total bacterial count of raw 
milk from individual producers should not exceed 300,000 cfu/ml, 
while for pasteurized milk the bacterial load should not exceed 20,000 
cfu/ml (FDA, 1997).  
      Mohamed (1988) examined 240 samples of venders’ milk for total 
bacterial counts and found that 54.4% had total bacterial counts with 
range of 5.0 ×105 and 5.0×108   cfu/ml. 
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    Ali (1988) collected five and eight milk samples from Kuku and 
Gezira dairy plants; he found the mean bacterial counts were 3.4×106   
cfu/ml and 4.4×105 cfu/ml and 1.99×104 cfu/ml for pasteurized milk, 
respectively. 
 Titini et al. (1991) reported that even raw milk of good quality 
might have psychotrophic bacterial count in the range of 1×103 to 
1×109 cfu/ml, although psychotrophic bacteria have been shown to 
cause keeping quality problems in fluid milk at levels of more than 
1×106 cfu/ml. Bacterial counts during spring, summer, fall and winter 
were 4.8×104, 6.0×104 and 6.0×105 cfu/ml respectively, indicating that 
bacteria count during winter season was highest.  
    Barakat (1995) collected 80 samples of milk from dairy farms in 
Khartoum State and found that total bacterial counts ranged between 
4.5 ×105 and 9.5 ×106 cfu/ml. He also found that 53.7% of tested milk 
samples were satisfactory according to tropical grading of raw milk 
but were not so when compared with milk grading in some developed 
countries. 
    Hayes et al. (2001) collected milk samples from two bulk 
milk tanks for one farm; they found that the total bacterial counts of 
raw milk ranged from 8.9×1013 to 1.80 ×1013 cfu/ml in tank one and 
70×1013 to 150.0×1013 cfu/ml in tank two. 
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    Mohamed (2004) collected one hundred and twenty samples from 
supermarkets in Khartoum State. She found that there was high 
average of total bacterial counts (5.63×109±2.87×1010 cfu/ml) in milk 
samples. Moreover during summer season, she found  the total 
bacterial counts (1.04 ×1010  ±4.01×1010 cfu/ml) was  higher than 
winter (9 ×108 ±4.5 ×1010 cfu/ml). 
2.5 Method of milk preservation   
Janetschke (1992) reported that the methods of preserving foods 
are drying, cooling, freezing, heating, pasteurization and ultra high 
temperature (UHT) treatment of milk, salting, pickling, smoking, 
preservatives and packaging.    
2.5.1 Heat treatment of milk  
 The destruction of microorganisms by heat is widely used in the 
dairy industry (IDF, 1994).  
 Heat treatment ranges from pasteurization to destroy pathogenic 
bacteria to sterilization for the inactivation of all microorganisms 
present (Sartwell, 1977). He also added that the bacterial effect of heat 
is a function of heat intensity (temperature) and period of exposure 
(time), also several factors enter in the thermal death time cure for 
bacteria in milk.  
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Pasteurization as defined by FAO (1984) is the heating of milk 
to such a temperature for a period of time that results in a considerable 
reduction of microorganisms, while causing minimal change in 
composition, flavor and nutritive value. Pasteurization as heat 
treatment process is intended to result in only minimal chemical, 
physical and organoleptic change (IDF, 1994).  
 Sterilization exposes milk to such a high temperature short time 
combination that effective for all microorganisms to be killed 
(Harding, 1999).  
 Ibrahim (1970) cited that boiling renders milk relatively safe, 
but it has certain limitations under poor sanitary conditions because 
Staphylococcus enterotoxins if found, can not be destroyed by heat 
and high load of enteric organisms may cause non specific 
gastroenteritis even after boiling.  
2.5.2 Cooling of milk  
 Cooling to and holding at 50°F or below is essential in 
controlling the growth of bacteria in milk when raw milk is to be 
stored in the plant storage tanks. It is also necessary to provide a 
refrigeration system to keep the milk at approximately 40°F, until 
processed (Sartwell, 1977).  
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 Ali (1988) reported that the adaptation of refrigeration and 
storage of raw milk at the farm and subsequent delivery in large 
insulated road tankers has largely eliminated spoilage associated with 
the growth of lactic acid bacteria and most pathogens. However, 
despite these advantage the storage and handling of milk at 
refrigeration temperature is selective for psychotrophic bacteria (Ali, 
1988 and Murphy and Boor, 2000).  
 Mustafa (1994) mentioned that the quantities that go into shops 
of Khartoum State in the morning are refrigerated for a short time 
before selling, which usually takes place in the evening or early in the 
morning. She also stated that refrigeration is a service of high 
efficiency in milk marketing system in Khartoum State and this 
service is not available for producers and for many selling centers 
which often resulted in losses due to prishability of the product.  
 Milk storage at refrigeration temperatures will reduce the rate at 
which nearly all bacteria increase in numbers (Murphy and Boor, 
2000).  
2. 6   Chemical preservatives  
       Preservatives are used to preserve food by preventing growth of 
microorganism and subsequent spoilage including fungus, mould and 
rope inhibitors (Vollhardt and Schore, 1998). 
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Preservatives can be categorized into three general types, 
antimicrobial that inhibit growth of bacteria, yeast, or molds; 
antioxidants that slow air oxidation of fats and lipids, which lead to 
rancidity; and a third type that blocks the natural ripening and 
enzymatic processes that continue to occur in food stuffs after harvest. 
(Igoe and Hui, 1996). 
          Chemical preservatives are frequently added to food to retard 
spoilage; among the more common additives are sodium benzoate, 
ascorbic acid, and calcium propionate. These chemicals are simple 
organic acids, or salts of organic acids, which the body readily 
metabolizes and which are generally judged to be safe in foods 
(Tortora  et al.,1998). 
Chemical preservation works either as direct microbial poisons 
or by reeducing pH to a level of acidity that prevent the growth of 
microorganism (Australian Academy of Science, 2004). 
2.6.1 Hydrogen peroxide 
 Hydrogen peroxide was discovered in 1881 by the French 
chemist L. J. Thenard and has for many years, been recognized as a 
bactericidal agent (Roundy, 1958). FAO (1957) has recommended the 
use of hydrogen peroxide under any of certain circumstances, which 
include: 
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1. Where in a warm country milk is produced in scattered farms 
usually in small quantities and has to be bulked and transported 
over considerable distance before reaching a cooling or 
pasteurization center. 
2. The unavailability of refrigeration or pasteurization facilities. 
3. Use of hydrogen peroxide as a preservative is warranted in 
emergency situations such as the mechanical break of 
refrigeration plant.   
4. Where in a warm country’s atmospheric temperatures are so 
high at certain season of the year and the unavailability of 
refrigeration means would cause spoilage of milk within a short 
period.     
Similarly FAO (1957) stated that application of hydrogen peroxide in 
milk preservation has to be followed by several conditions:  
1. Adequate control of hydrogen peroxide.  
2. Assurance of using the tested and approved grades of hydrogen 
peroxide and its distribution organized through authorized 
agencies.  
               Hosseain (1990) reported that the range of 0.02 to 0.04% of 
hydrogen peroxide was the most effective level for milk preservation. 
Abd- El- Hady (1995) cited that the effects of heating and storage of 
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milk on the decomposition of hydrogen peroxide was dependent upon 
the initial concentration of the hydrogen peroxide and the time and 
temperature of heat treatment and the storage temperature.  
 Odoi (2003) reported that the hydrogen peroxide treatment was 
found to be an effective and affordable means by which farms in 
tropical developing countries could extend the keeping quality of milk 
during transportation to the market or processing plants.  
2.6.1.1 Effect of different H2O2 concentration on total bacterial 
count   
 Chu and Leeder (1975) reported that the use of 0.05% H2O2 at 
22º C for 30 minutes reduced the total bacterial count by 97.2% and 
the use of 0.02% hydrogen peroxide at 45º C for 30 minutes reduced 
total bacterial count by 99.9%.  
 Lubis (1983) found that early addition of hydrogen peroxide 
reduced bacterial count but did not affect the acidity as he observed 
that the titratable acidity in milk after 24 hours was 0.14%. 
 Al Dabbagh et al. (1984) cited that treatment of raw milk with 
0.01% or 0.03% hydrogen peroxide had little effect on acidity 
development but 0.05, 0.07 and 0.09% hydrogen peroxide adversely 
affected acid production by lactic acid bacteria.  
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 Saha et al. (2003) preserved raw milk with 0.01, 0.02, 0.03, 
0.04, 0.05 and 0.06 hydrogen peroxide. He observed that the keeping 
quality of milk sample with hydrogen peroxide increases significantly 
when compared with untreated milk. He concluded that 0.04 to 0.05% 
hydrogen peroxide is enough to preserve milk up to 24 hours.  
 Elghoul (1995) found that there was a decrease in TBC, six 
hours after the addition of H2O2,  the TBC was decreased less in the 
samples containing 0.01% H2O2 and high in 0.08% H2O2 treated 
samples. Moreover 0.03%, 0.05 and 0.07% H2O2 treated samples 
showed decrease in T B C. However, 0.07% and 0.08% H2O2 treated 
samples were almost similar in count, while 0.03% H2O2 was almost 
similar to 0.01% H2O2. 
2.6.2 Aldehydes 
 Aldehydes are among the formaldehyde and glutaraldehyde, 
they inactivate formaldehyde gas and are an excellent disinfectant. 
However it is more commonly available as formalin, a 37% aqueous 
solution of formaldehyde gas (Tortora et al., 1998).  
 Formalin was once used extensively to preserve biological 
specimens and inactivate bacteria and viruses in vaccines (Tortora et 
al., 1998). Goma (1998) reported that the formaldehyde (FH) when 
added at 0.001-3.000% to 100 ml sample of milk and the samples 
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were heated at 65º C for 30 minutes. He found that the heat treatment 
of milk did not affect formaldehyde content of milk. Moreover he also 
reported that when yeast was added to milk with formaldehyde at 
0.001-0.01% formaldehyde was not detected. 
 Karmakar (1997) cited that the addition of 0.1-0.2 and 0.4% 
formalin on cow raw milk stored at refrigeration temperatures for up 
to 30 days shows no changes in appearance of formalin. Also he 
reported that after 30 days titratable acidity (TA) increased from 0.126 
to 0.130% with 0.4% formalin, (TA) continued to increase to 0.185 
and 0.375%. However protein content was not affected by addition of 
formalin, while lactose content decreased from 4.62 to 4.45 and 4.35 
% after 30 days. 
 2.6.3 Carbon dioxide 
      Carbon dioxide treatment of refrigerated raw milk was evaluated 
as method for extending storage life by inhibiting growth of 
psychrotrophic bacteria and other bacterial groups in raw milk. The 
effect of carbon dioxide acidification followed by degasification and 
pasteurization on biochemical and microbiological properties of cold 
stored milk was studied on pilot scale. Moreover carbon dioxide 
acidification to pH 6.2-6.0 was compared with control (untreated) 
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milk during 4 days of storage at 4o C outcome (Fernandez et al., 
1996). 
    Espie (1996) cited that carbon dioxide treatment (30 and 45 mmol 
CO2/ liter) upon the indigenous microbial flora of raw milk stored at 
6o C. had little effect on Lactobacillus and limited the proliferation of 
coliform for up to 5 days.  
 Ruas et al. (2000) reported that the addition of carbon dioxide 
to raw milk proved to be useful treatment for milk preservation with 
out modifying the free monosaccharide fraction. Erkmen (2000) 
claimed that high pressure carbon dioxide treatment may be used to 
preserve whole milk and skim milk. 
    The amount of calcium and phosphorus dissolved during 
acidification were similar in cow, ewe and goat (Olanoet et al., 1998) 
Moreover, he found that adding carbon dioxide by shaking the milk 
for several hours at atmospheric pressure had a higher concentration 
of ionic calcium than in control milk without carbon dioxide, He 
concluded that addition of carbon dioxide improved the technological 
suitability of milk for cheese making. 
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2.7 Antibiotic residues 
2.7.1 Background  
 Park (1997), when defined food additives, his definition 
included animal feed adjunct which may result in residues in human 
food and components, which may find their way incidentally through 
farming practice. 
 A major source of food contamination concerns the increasing 
use of some antibiotics to improve animal husbandry, some antibiotic 
according to concentrations are toxic to both animal and human 
(Committee on Chemistry and Public Affairs, 1998). They also added 
that antibiotic residues that remain in the tissues of food producing 
animals after treatment, creates one of the major problem associated 
with the veterinary use of such drugs.  
2.7.2 Detection of antibiotics in milk  
 Many drug residues (penicillin, gentamicin, tetracycline and 
erythromycin) tests including screening, confirmatory, and on site 
tests were reviewed by many authors (Lim et al., 1992; Ali et al., 
1993 and Fal, 1997). These are microbial growth inhibition tests, 
followed by more sensitive and specific methods based on receptor 
binding, immunochemical and chromatographic principle (Mitchell et 
al., 1998).  
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 For years the standard for antibiotic testing has been the 
Bacillus sterothermophilus disc assay method, which was official test 
for regulatory use. Moreover a few other tests which mimic the results 
of disc also approved (Rushing, 1994). One of the screening method is 
microbiological methods, which depends on the inhibition of growth 
of sensitive  organisms, this test format as described by Harvey and 
Hill (1967) involved standard culture of a test organism in agar 
growth media that is inoculated with  milk samples and incubated for 
periods of up to several hours. If the milk contains sufficient 
concentrations of inhibitory substances, the growth of the organism 
will be reduced or eliminated. The presence of an inhibitory substance 
is indicated by zones of inhibition (Myllyniemi et al., 1999). 
 Other testing systems used for antibiotics were immunoassays 
for sulphonamides, chloramphenicol and tetracycline (Kolosova et al., 
1989). 
The one step strip test (OSS) is immunoassay method, which 
was used to detect sulfadimidine residues in buffer, urine or milk. The 
capture reagent in the assay is the purified polyclonal sulfadimidine 
antibiotic, which is immobilized on the lateral flow membrane of the 
test device (Verheijen et al., 1998). They added that the major 
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advantages of the OSS test are that results can be obtained within 10 
minutes and that reagents are inculcated in the test device.  
2.7.3 Antibiotic residues in milk and human health  
 The occurrence of antibiotic residues in milk intended for 
human consumption is undesirable for a number of reasons (Allison, 
1985). As recently as 30 years ago, the presence of antibiotic residues 
in milk was considered primarily a manufacturing problem related to 
inhibition of cheese and yoghurt starters (Cogan, 1972).  Currently 
attention has shifted to the potential of antibiotic residues in milk 
which may contribute to the development and transmission of 
antibiotic resistant bacteria (Allison, 1985; Mitchell et al., 1995 and 
Murphy and Boor, 2000). The presence of antibiotic in milk has been 
prohibited because of concerns about public health in order to protect 
hypersensitive individuals from exposure to specific antibiotic 
(Cogan, 1972).  
2.7.4 Hypersensitivity to antibiotic residues in milk 
 Allergic reactions to antibiotic are well recognized and 
hypersensitivity to B-lactam compounds is especially prevalent       
(De weck, 1983). The literature regarding allergic responses of human 
after exposure to drug residues found in milk is scares and focused 
primarily on risks associated with exposure to B-lactase (Dewdney    
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et al., 1991). The immunological characteristics of most other drug 
classes (including macrolides, tetracycline and aminoglycosides) 
makes the development of allergic response to minute residues 
unlikely, although it is considered theoretically possible that exposure 
could result in clinically relevant immunological events (Dewdney 
and Edwards, 1984). They also reported that allergic reactions 
(detrmitis, pruritus and urticaria) of presensitized individuals caused 
by B-lactam residues in milk have been documented for a small 
number of people. Exposure to penicillin residues in milk has been 
reported as a cause of chronic urticaria (Boonk and Vank et al., 1982 
and Ormerod et al., 1987). A highly sensitive individual exhibited a 
number of generalized symptoms after ingestion of processed milk 
containing approximately 10 units/ml of penicillin (Wicher et al., 
1969).  
2.7.5 Factors promoting emergence of resistant to antibiotics  
 Sometimes there is sub dosing and incomplete course of 
treatment which leads to adaptation of pathogens and selection of 
resistant mutants (Buckwoold and Ronald, 1979). Addition of some 
antibiotics into feed additive as growth promoters may enhance a large 
pool of resistant organisms and resistant genes in those neglected, 
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untreated and chronic mastitis cases kept in the farm (Buckwoold and 
Ronald, 1979 and Mane et al., 1998). 
2.7.6 Transfer (development) of resistant  
 The relationship between antibiotic residues in milk and the 
development or transfer of resistant pathogens appears to be 
hypothetical (Tikofsky et al., 2003). They also reported that there is 
some indication that mastitis pathogens isolated from dairy cattle with 
potential exposure to antibiotic may be less susceptible (but not 
necessary resistant) than similar pathogens isolated from cattle located 
on organic dairy farms. However, mastitis pathogens in general do not 
appear to be becoming more resistant (Makovec and Ruegg, 2003 and 
Erskine et al., 2004). Direct transfer of resistant antibiotics 
microorganisms to humans through consumption of milk is unlikely 
because most milk is pasteurized (Teuber and Perreten, 2000). 
Traditional methods of pasteurization reduce the quantity of 
bacteria present in milk to neglible levels but will not appreciably 
reduce the level of antibiotic residues (Moats, 1999). Milk can be 
contaminated with feed pathogens that exhibit resistance to antibiotic 
and raw milk products have been implicated as mechanisms for 
transferring antibiotic resistant organism from farm environments to 
humans (Kalman et al., 2000).  
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2.7.7 Reasons for antibiotic contamination of bulk milk tank  
 There was a very complete listing for antibiotic residues in milk 
of dairy cows and almost every situation was mentioned that might 
result in residue contamination (John, 2001). 
1. Milk from a treated cow was accidentally routed into the tank. 
2. An antibiotic treated dry cow unintentionally milked.  
3. The same milking unit was used to milk an antibiotic treated 
cow before milking untreated cows. The milking unit was not 
cleaned and sanitized between uses.  
4. Lactating cows were purchased and new owner was un aware of 
recent antibiotic prior to sale.  
5. One quarter of cow was treated for mastitis and withheld from 
the bulk tank. However, milk from the other three quarters was 
not withheld and was permitted to enter the tank.  
6. Equipment used to milk treated cows handled carelessly, for 
example, vacuum from the milk pipe line was used to operate 
dump milk buckets. 
7. All antibiotic treated dry cows were milked last, but the milk 
line was not diverted from the bulk tank.  
8. Medicated feed was accidentally mixed into lactating cow feed.  
9. Cows drank from medicated foot bath.  
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2.7.8 Prevalence of antibiotic residues in bulk tank milk 
 Antibiotic residues occur in milk supplies throughout the world, 
in some relatively unregulated markets, antibiotic residues may exist 
in 8-15% of total bulk tank loads (Shitandi and Sternesjo, 2004). 
Individual bulk milk samples from every farm are tested once 
monthly or 4 times in every 6 month period (Talley, 1999) 
 Jones (1999) reported that the milk is checked by the milk plant 
and by the office of dairy services of the Virginia Department of 
Agriculture and consumers services because a small percentage of 
people are violently allergic to antibiotics and extremely small doses 
can be fatal. Others people are sensitive to low drug concentrations 
that cause mild reactions that can be uncomfortable. Moreover he also 
added that antibiotic interfere with growth of starter cultures used in 
making yoghurt and cottage cheese or other cheeses the major 
problem with antibiotic residues is the consumers perception that milk 
and dairy products are pure and free of chemical adulteration or 
contamination and consumers want safe food supply (Jones, 1999).  
2.7.9 Relationship between antibiotic and somatic cell count (SCC)  
 The bulk tank somatic cell count (BTSCC) is used as a key 
indicator of milk quality and reflects the prevalence of mastitis in a 
dairy herd (Rodrigues, 2004).  He also mentioned that overall BTSCC 
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is an indirect measure of the overall amount of mastitis that a herd is 
experiencing and herds with high BTSCC have been reported to have 
higher rates of mastitis and cull more mastitis cows. In many regions 
the BTSCC is used to define financial incentives paid for high quality 
milk and herds shipping milk containing high levels of somatic cell 
may have a significant disadvantage (Caraviello, 2004).  
 The use of antibiotic introduces the risk of having an antibiotic 
residue; farmers don’t intentionally adulterate milk (Booth and 
Harding, 1986). Investigators have consistently identified a 
relationship between BTSCC and the rate of antibiotic residue 
violations (Van schaik, 2002).  
  Antibiotic residue violations occur primarily because of 
mistakes regarding withholding priors to milking or identification of 
treated cows (Booth and Harding, 1986).  
2.7.10 Antibiotic sensitivity 
2.7.10.1 Principles of the test   
 Purpose of antibiotic sensitivity testing is to determine the 
susceptibility of bacteria to various antibiotics. This standardized test 
is used to measure the effectiveness of a variety of antibiotics on a 
specific organism in order to prescribe the most suitable antibiotic 
therapy (Madigan et al., 2000). They described the principle of the test 
 27
by preparing a series of antibiotic impregnated paper disks placed on a 
plate inoculated to form a bacterial lawn (even, confluent growth). 
The plates are incubated to allow the growth of bacteria and for the 
antibiotic to diffuse into the agar, if an organism is susceptible to an 
antibiotic, a clear zone will appear around the disc where the growth 
has been inhibited. Moreover the size of this zone of inhibition 
depends on the sensitivity of the bacteria to the specific antibiotic and 
the antibiotics ability to diffuse through the agar. One method to 
determine proper treatment is the paper disc plate technique, the paper 
test must be carefully standardized, this means that a special agar; 
(Mueller Hinton agar); is used along with a prescribed inoculums of 
broth, the antibiotic discs are also standardized to contain a specific 
amount of antibiotic. After 18 hours of incubation at 37º C, the clear 
zones are measured and compared with tables giving the interpretation 
of measurement for each antibiotic (Vilgalys, 2001).  
2.7.10.2 Microbial drug resistance 
The use of antibiotics will be more effective in animal since 
both the type of antibiotic and the dose will be controlled more 
carefully (Kirk, 2001). He concluded that in order to prevent the 
development of resistance in organisms originally sensitive to the 
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principle chemotherapy is to insure that an adequate amount of drug is 
administrated.  
 Food of animal origin has been considered as an important 
vector for the transfer of antibiotic resistance from animal to man, 
moreover the treatment of animals with penicillin is stated to result in 
strains of penicillin resistant staphylococci if the resistant strains 
transmitted to man (Rechcigl, 1983).  
 In Singapore, enteropathogenic E. coli  was isolated from 2.7% 
of 2983 children under 3 years of age with diarrhea and its 
antimicrobial susceptibility tests showed that the enteropathogenic E. 
coli strains were generally resistant to ampicillin, streptomycin, 
tetracycline and triple sulpha, but highly sensitive to gentamicin (Lim, 
et al., 1992).  
 In an epidemiological investigation for tetracycline resistance of 
enteric bacteria in Nigeria, it was found that 305 (88.5%) out of 518 
isolates were resistance to tetracycline and the commonest resistance 
pattern that involve in tetracycline resistance was ampicillin, 
cotrimoxzole, streptomycin. Moreover of the 305 isolates, 207 (67.87) 
were reported to transfer resistance plasmids to E. coli (Olukoya,       
et al., 1993).  
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On the other hand, results of antibiotic sensitivity test of 17 
strains of Proteus mirabilis isolated from animals with a haemorrogic 
enteritis showed that the isolates had high resistance to 16 antibiotics 
and sulfonamides (Vaara, 1993).  
 The result of drug sensitivity test of Kelbesilla aergenes 
isolated from animal infection, showed that the isolates had a high 
resistance to 16 antibiotic and sulfonamides, 53.2% of Kelbesilla was 
found to be tetracycline resistance in Nigeria (Olukoya et al., 1993).  
  In addition, Ali et al. (1993) showed low susceptibility to 
penicillin and ampicillin and resistance to streptomycin, penicillin, 
ampicillin streptomycin, chlaramphenicol, sulphonamides and 
methicillin.  
            In Russia, Fal (1997) reported that the sensitivity of 
streptococcus, Staphylococcus aureus, Proteus spp. and Ps. 
aeruginosa isolated in 1975-1978 from patients with tonsillitis. 
diseases were studied with respect to 19 antibiotics. It was shown that 
Streptococcus spp. were resistant to many antibiotics tested except 
tetracycline,  while  most of the Streptococcus aureus strains  were 
sensitive to gentamicin, cephaloridin, oxacillin and resistant to the 
other antibiotics and the Proteus spp. and Ps. aeruginosa were 
resistant to all antibiotic except aminoglycosides.  
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 Ayres et al.(1999) reported that Pseudomonas aeruginosa was 
tested to determine susceptibility to various antibiotics and it was 
found that Ps. aeruginosa was resistant to several hydrophobic 
antibiotic and vancomycin, but not to gentamicin. 
       Yagoub et al. (2005) found that the bacteria isolated from the 
raw milk (Staphylococcus aureus, Citrobacter spp., Shigella spp., E. 
coli and Enterobacter spp.) showed wide range of multiple resistances 
to the tested antimicrobial agents (penicillin, clindamycin, amoxicillin 
and ampicillin). However chloramphenicol showed the best 
antimicrobial effect against the tested organism followed by 
gentamicin, novobiocin and carpencillin. 
      El Zubeir et al. (2006) reported that the sensitivity of 
Staphylococcus aureus, Streptococcus, E. coli and Enterococcus 
isolated from mastitic cows, milk samples were studied with respect to 
13 antibiotics. It was shown that Staphylococcus aureus resistant  
towards tetracycline, penicillin and amoxicillin-cluveneic acid, while 
most of the E. coli strains were resistance towards erythromycin, 
tetracycline, streptomycin and sulfamexazol-trimethoprim and 
kanamycin. Similarly Enterococcus faecium, showed multiple range 
of resistance to the drugs tested.  
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2.8 Shelf life 
 Gruetzmacher and Bradlley (1999) mentioned that milk shelf 
life is defined as the number of days for standard plate count to reach 
20,000 cfu/ml in milk stored at 7º C. They reported that the factors 
which limit the shelf life of refrigerated pasteurized milk include time 
and temperature of pasteurization, the microbial quality of raw milk 
and the storage temperature of the milk.  
 Komorowski and Early (1992) reported that when the 
commercial (HTST) pasteurized milk is processed at 72º C to 74º C 
for 16 seconds, it showed a shelf life of 10 to 15 days when stored at 
4º C to 8º C. However, milk cooled to 4º C 1- 2 hours after milking, 
the number of bacteria increased during storage at 4º C for hours.  
  The collection and pooling of milk from many different farms 
increases the risk that a given batch will be contaminated and the 
plumbing and machinery required for the various stages of processing 
afford many more opportunities for contamination (Harold, 2004). He  
also added that pasteurization extends the shelf life of milk by killing 
pathogenic and spoilage microbes and by inactivating milk enzymes, 
moreover pasteurized milk stored below 40º F (5º C ) should remain 
drinkable for 10 to 18 days.  
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 Douglas (2000) cited that the two main sources of bacteria in 
raw milk are organisms transported from the environment into the 
milk and mastitis organisms from within the udder. Bacteria deposited 
in milk handling equipment will multiply and become a major source 
of contamination if this equipment is not cleaned and sanitized 
properly. Moreover, the coliform bacteria in bulk tank milk are 
transported from soil from the teats and udders into the milk. 
(Douglas, 2000; Murphy and Boor, 2000; El Zubeir et al., 2006 and 
Elmagli and El Zubeir (2006) reported that the temperature and period 
of storage determine the predominant bacterial population of the milk 
because the cordial temperature and rates of growth of bacteria differ. 
Psychrotrophic microorganisms at refrigeration temperatures and 
substantially reduce milk shelf life by producing off flavors and 
physical defects (IDF, 1994; Murphy and Boor, 2000 and Elmagli and 
El Zubeir, 2006). 
 In Ethiopia, Godefay and Molla (2000) studied bacteriological 
quality of raw cow’s milk from four dairy farms and a milk collection 
centre in and around Addis Ababa. They collected samples from udder 
bucket, storage containers before and after cooling and upon arrival at 
the processing plant. They found the mean total aerobic counts were 
1.1×105 cfu/ml, 4×106 cfu/ml, 1.9×108 cfu/ml for milk samples taken 
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from buckets storage container before cooling and upon arrival at the 
processing plant, respectively. They concluded that the hygienic 
quality of raw milk from the collection centre was poor with a mean 
total bacterial count of 1.3×107 cfu/ml.  Lack of knowledge about 
clean milk production, use of unclean milking equipment and lack of 
potable water for cleaning purposes were some factors contributed to 
the poor hygienic quality of raw milk as they reported.   
 In Zimbabwe, Gran (2002) studied the quality of bovine milk 
and hygienic aspects linked with transportation, preservation, and 
handling of dairy products. He showed that the milk at the farm and 
on delivery was mainly of good microbiological quality. However, 
milk on delivery had greater numbers of microorganisms than on 
farm, probably as a result of the time elapsed from the milking process 
to the delivery. An increase in herd size, longer distance from farm to 
dairy and delay in the transportation chain were factors contributing to 
increase in transportation time as he reported.  
       Fudle Elseed (2005) studied the bacteriological quality of milk 
samples collected from small dairy farms and he found that the milk 
produced in these units was of good quality according to tropical 
standards.                    
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CHAPTER THREE 
MATERIAL AND METHODS 
3.1 Source and number of milk samples   
 This investigation was based on collecting raw milk samples 
from Khartoum State (120 samples) during winter season; January – 
February 2005 and (120 samples) during summer season. June – July 
2005 in order to study the possibility of contamination with chemical 
preservative. Similarly to detect the presence of antibiotic which may 
either added deliberately or due to treatment of animals and 
determination of total bacterial counts was done. 
 The milk samples were collected from Khartoum (80 samples), 
Khartoum North (80 samples), and Omdurman (80 samples), forty 
samples each during summer and winter). The milk samples were 
collected from dairy farms (9 farms) and sale points (9 sale points) 
located in these three towns.  
3.2 Collection of milk samples  
 The samples were collected in clean sterile bottles and 
transported in an ice box to the laboratory of the Department of Dairy 
Production, Faculty of Animal Production, University of Khartoum, 
where examinations of the milk samples were done. 
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3.3 Analysis of the samples 
3.3.1 Detection of chemical residues 
3.3.1.1 Formaldehyde  
  The presence of formaldehyde was indicated by the 
appearance of the blue color on the addition of a 1% ferric chloride 
solution in concentrated sulphuric acid (Foley et al., 1974).  
 A little amount of milk diluted with an equal quantity of water 
in test tube and concentrated sulphuric acid (H2SO4) to which a little 
ferric chloride (FeCl2) was added were poured down the wall of the 
test tube, the presence of a blue color at the interface of the milk and 
acid indicate presence of formaldehyde in milk.  
3.3.1.2 Hydrogen peroxide  
 The presence of hydrogen peroxide was indicated by the 
addition of a small amount of paraphenyldiamine   solution to the milk 
(Foley et al., 1974). Development of blue color was indicative of the 
presence of hydrogen peroxide. 
3.3.1.3 Boric acid   
 The presence of boric acid involves the reaction between it and 
polyhydroxyls compounds such as glycerol to from an organic boric 
acid (Foley et al., 1974). A few drops of phenolphthalein were added 
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to the milk samples and then N/9 caustic NaOH was added until a 
pink color appeared.  
 The milk sample was divided into 2 test tubes; one was diluted 
with an equal volume of water and the other with an equal volume of 
50% neutral glycerin. If boric acid was present, the test tube 
containing the glycerin became lighter in color.  
3.3.1.4 Carbonate and alkalinity of ash  
 Alkalinity of ash was done according to Foley et al. (1974).  
The alkalinity of ash was determined by ashing 20 ml of milk sample. 
Then the ash was dispersed in 10 ml of water and then 0.1N 
hydrochloric acid was added after the addition of few drops of 
phenolphthalein. The quantity of 0.1N HCl that required for 
neutralization should not exceed 1-20 ml.  
3.3.2 Physicochemical properties of milk  
3.3.2.1 Titratable acidity  
 Titratable acidity was determined according to AOAC (1990). 
Ten ml of milk were placed in a conical flask and 1 ml 
phenolphthalein indicator was added. The sample was titrated against 
N/9 NaOH till faint color lasted for at least 30 seconds was obtained. 
The titration figure was divided by ten to get the titratable acidity 
(expressed as % lactic acid).   
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3.3.2.2 pH  
 The pH of the milk was determined as described by New- 
lander and Atherton (1984) with pH meter (model 5A520, Rench 
Meter).  
The pH meter was first connected to the power cord, switched 
on and left for about 15 minutes to warm up. The temperatures of the 
pH meter were adjusted to 20° C and the needle switched to the 
neutral position. Then the electrodes were rinsed with distilled water 
and wiped with a clean cloth then immersed in buffer solutions (pH 4-
7) and the standardization control adjusted until the meter needle 
indicated the exact pH of buffer. About 10 ml of milk samples were 
placed in a beaker, and the pH of the milk was measured by 
transferring the electrode from the buffer solution and immersed into 
the milk. The values were then computed. The electrodes were rinsed 
properly between samples.  
3.3.2.3 Temperature  
 Temperature determination was carried out using Chem 
thermometer, milkchglass Kalla. The degree of temperature of the 
milk sample at time of collection was done as described by Marshall 
(1992).  
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3.4.1 Antibiotic residues  
 Petri dishes continuing nutrient agar inoculated with Bacillus 
subtitles and were left to dry. Then, filter papers (diameter 12.2 mm) 
were put on the surface of the nutrient agar.  
 Milk samples were taken by disposal syringe of 1 ml amount 
and placed in the filter paper. Plates were examined after incubation at 
37° C for over night. An inhibition zone around the filter paper was 
considered positive result for the presence antibiotic as shown in Fig1.   
(Koenen-Dierick et al., 1995).  
3.4.2 Total antibiotic and sulphonamide  
 Total antibiotic and sulphonamide kits (Bio-x diagnostic)     
were for the detection of antimicrobial substance in milk samples 
according to the manufactures instructions.  The method was based on 
using a precision micropipette to place 200 µl of each sample in the 
relative tubes, the tubes were placed in a water bath that was 
prewarmed to 65° C after that the tubes were incubated for 4 hours at 
65° C and then removed from the thermostatic water bath. The results 
were read as positive if the color changed from purple to yellow.  
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Petri dishes inoculated with Bacillus subtilis 
 
 
Filter paper disk 
Figure 3.1: Detection of antibiotic using disk assay method 
 
 
 
 
 
Figure 3.2: Structure of total antibiotic and sulphanomide tube 
kits 
 
 
 
 
 
 40
3.5 Microbiological examination 
 The samples were collected in clean sterile bottles. The samples 
were inoculated for standard plate counts and coliforms bacterial 
counts. Moreover identification was done on isolates (E. coli, 
Klebsella, Proutes, Pseudomonas, Staphylococcus, Corynebacterium, 
and Streptococcus),   from milk contaminated by antibiotic residues.  
3.5.1 Preparation of the media  
 All media were obtained in dehydrated forms and prepared 
according to the manufactures instructions.  
3.5.2 Types of cultural media used for bacteriological examination 
of milk  
3.5.2.1 Solid media  
3.5.2.1.1 Plate count agar (KGaA64271) 
  The medium was prepared by suspending 23.5 grams of 
powder in one litter of distilled water boiled until dissolved 
completely and sterilized by autoclaving at 121° C for 15 minutes.  
3.5.2.1.2 Nutrient agar (S. d. Fine Chem. ltd 74056)  
 The medium was prepared by suspending 20 grams of the 
powder in one litter of distilled water and then it was boiled until 
dissolved completely and sterilized by autoclaving at 121° C for 15 
minutes.  
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3.5.2.1.3 Urea media (Hi media M112)  
 The medium was prepared by suspending 2.4 grams of powder 
in 95 ml distilled water and boiled to dissolve completely. The pH was 
to 6.8 and then sterilized by autoclaving at 121° C for 15 minutes. 
Then it was cooled to 50° C and aseptically 5 ml of sterile 4% urea 
solution were added and mixed well. The medium was then 
distributed (15-18 ml amounts) into sterile test tubes and allowed to 
set in slope position.  
3.5.2.1.4 Mueller and Hinton agar  
 The medium was prepared by suspending 34 grams of powder 
in one litter of distilled water then boiled until dissolved completely 
and sterilized by autoclaving at 121° C for 15 minutes.  
3.5.2.2 Semi Solid media  
3.5.2.2.1 Hugh and Leifson (OF) medium 
  The medium was prepared according to Barrow and Feltham 
(1993) by dissolving the solid in one liter of distilled water, then the 
medium was filtered followed by the addition of indicator and 
sterilized by autoclaving at 121° C for 5 minutes. 
3.5.2.2.2 Motility medium 
  The medium was prepared by soaking the gelatin in the 
distilled water for 30 minutes and the other ingredients were then 
added and heated to dissolve completely. After sterilization (121º C 
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for 15 minutes), the medium was distributed into 10 ml volumes into 
sterile test tubes.  
3.5.2.3 Liquid media  
3.5.2.3.1 Nutrient broth (Hi Media M 002)  
 This medium was prepared by dissolving 28 grams of the 
powder into one liter of distilled water, mixed well and distributed 
into the test tubes then sterilized by autoclaving at 121°C for 15 
minutes. 
3.5.2.3.2 Peptone water (Oxoid L 37)  
 This medium was prepared by dissolving 15 grams in one liter 
of distilled water, it mixed well and then distributed into test tubes and 
sterilized by autoclaving at 121° C for 15 minutes. 
3.5.2.3.3 MR– VP medium 
 This medium was prepared by dissolving 15 grams of the solid 
in one liter of distilled water and distributed into test tubes and 
sterilized by autoclaving at 121° C for 15 minutes. 
3.5.2.3.4 Koser citrate medium (Hi Media-M 069) 
 The medium was prepared by dissolving 5.7 grams in one litter 
of distilled water then distributed into bottles and sterilized by 
autoclaving at 121° C for 15 minutes. 
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3.5.3 Solutions and reagents 
3.5.3.1 Methyl red solution  
 Methyl red solution was prepared according to Barrow and 
Feltham (1993), 0.04 grams of methyl red were dissolved into 40 ml 
ethanol. It was then diluted with 60 ml distilled water to 100 ml 
volume.  
3.5.3.2 Alpha naphthol 
 This was obtained from Hopkins and Williams Ltd and was 
prepared as 5% solution.  
 Both potassium hydroxide and alpha naphthol were used for 
Vogues Proskauer (VP) test.  
3.5.3.3 Hydrogen peroxide (BDH, UK) 
 This reagent was obtained from the British Drug House 
Chemicals (BDH). It was prepared as 3% aqueous solution for the 
catalase test.  
3.5.3.4 Kovac’s reagents   
 Paradimethyl amino benzalodehyde (5.0) and amyl alcohol (75 
ml) were heated in water bath regulated at 50° C until dissolved. 
When cooled, 25 ml of concentrated HCL were slowly added. The 
reagent was then stored in dark unit used for the indole test. 
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3.5.3.5 Liquid paraffin 
        It was used to cover sugar media for anaerobic fermentation. It 
was sterilized in autoclave at 121° C for 15 minutes.  
3.5.3.6 Bromocresol purple  
 Bromocresol purple was obtained as powder from the British 
Drug House (BDH, UK) and was prepared as 0.2% aqueous solution  
3.5.3.7 Ringer solution  
Was prepared according to Wilson (1935), it consist of 2.25g 
sodium chloride, 0.105g potassium chloride, 0.12g calcium chloride, 
hydrated, 0.05g sodium hydrogen carbonate. The ingredients were 
dissolved in 1litter of distilled water and sterilized  in autoclaving at 
121° C for 20 minutes.  
3.6 Sterilization  
3.6.1 Sterilization of equipment 
 Glasses such as Petri dishes and test tubes, pipettes, flasks and 
bottles were sterilized in a hot oven at 160° C for one hour. Distilled 
water and tips were sterilized by autoclaving for 15 minutes at 121° C 
(Barrow and Feltham, 1993).   
3.7 Preparation of sample for bacteriological examination 
        Samples were initially shaken and the serial dilutions were made 
by taking 1 ml of milk into 9 ml sterile ringer’s solution using a sterile 
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pipette. Serial dilutions were prepared (10-1-10-8) according to 
Harrigan and McCance (1976). Then 0.2 ml from every dilution were 
carefully transferred into Petri dishes using a sterile automatic pipette.   
3.7.1 Examination of culture  
3.7.1.1 Primary isolation 
         Isolation was done by transferring 0.2 ml of the diluted milk by a 
sterile pipette into the selected medium, then the inoculums was  
spread quickly over the surface of the medium by using a sterile glass 
rod. Plates were then left to dry for 15 minutes before incubation 
(Harrigan and MacCance, 1976). 
3.7.1.2 Subculturing of the primary isolates 
3.7.1.2.1 From solid media to solid media  
           Part from a typical and well defined colony was picked with a 
sterile wire loop and streaked over fresh plate. Each organism was 
subculture on its selective medium. 
3.7.1.2.2 From solid media to liquid media  
          It was done by picking part of a colony with the sterile wire 
loop and transferred into the liquid medium. 
3.7.1.2.3 From liquid to solid media 
           This was done by streaking a loop full of the culture on the 
solid medium. 
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3.7.3 Incubation of cultures 
All inoculated solid and liquid media were incubated 
aerobically at 37° C for 24- 48 hours. However, MR -VP medium 
incubated at 37° C for 2 days and sugars, Koser citrate, OF, and urea 
medium were incubated at 37° C for 1- 14 days, respectively. 
3.7.4 Examination of cultures 
         Cultures on solid media were examined with naked eyes for 
growth and colonial morphology; whereas liquid media were 
examined for growth, change in color and accumulation of gases in 
sugar media (Barrow and Feltham, 1993). The counting of the 
colonies was done manually by using a colony counter and reported as 
colony forming units per milliliters (cfu/ml). The total number of the 
colonies in the dilution was multiplied by the reciprocal of the dilution 
(Marshall, 1992). 
3.8 Purification of isolates 
 According to the method of Barrow and Feltham (1993), the 
predominated microorganisms from morphologically different colony 
types were selected from plate count agar. These isolates were 
purified by subculturing part of a well isolated typical colony into 
nutrient agar plate. The subculturing was repeated until pure colony 
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was obtained by testing it visually and by Gram’s stain. The cultures 
were then kept in a refrigerator at 4° C until used. 
3.9 Identification of isolated bacteria  
 The identification of pure bacterial isolates was done according 
to the method of Harrigan and MacCance (1976) and Barrow and 
Feltham (1993). 
3.9.1 Primary tests  
3.9.1.1 Gram’s stain 
 This was done by Gram stain as described by Harrigan and 
MacCance (1976) as follows: 
      Crystal violet was added to smears on slides for one minute, 
followed by washing with distilled water. Lugol’s iodine was added 
for one minute then removed by washing with distilled water. The 
slides were decolorized by alcohol for seconds and the residue was 
removed by distilled water. The slides were counter stained with 
bacteriological Gram saffranin for 30-60 seconds and washed with 
distilled water. The slides were then dried with filter papers and a drop 
of immersion oil was added followed by examining under the 
microscope. Gram positive organism appeared purple, while Gram 
negative ones appeared pink.       
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3.9.1.2 Catalase test  
 It was carried out according to Barrow and Feltham (1993). The 
colonies of organisms to be tested were put on sterile slides. A drop of 
3% hydrogen peroxide (H2O2) was added to the colony and mixed 
with it. Evolution of gas immediately or after 5 minutes indicated a 
positive result. 
3.9.1.3 Oxidase test  
 It was carried out according to Barrow and Feltham (1993). The 
test organism which was grown on nutrient agar was removed with 
sterile glass rod and streaked on oxidase test paper. Development of 
dark purple color within 10 second indicated a positive reaction.  
3.9.1.4 Oxidation fermentation test (OF) 
It was carried out according to Barrow and Feltham (1993). 
Duplicate tubes of OF- medium were inoculated by stabbing with 
straight wire. The medium in one tube was covered with a layer of 
melted soft paraffin (a depth of 1 cm). The tubes were then incubated 
at 37° C and examined daily for 14 days. If the color changes to 
yellow in both open and covered tubes it indicated fermentative 
organisms and if the change to yellow color was in the open tube only 
it indicated oxidative organisms. However the negative test showed no 
change of color in both test tubes.   
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3.9.1.5 Glucose test  
 Glucose media were inoculated with 24 hours growth of the 
organism to be tested in broth sugar medium, and the cultures were 
examined daily for up to 7 days. The change of color to yellow 
indicated a positive reaction. Gas was accumulated in the Durham’s 
tubes, when produced.  
3.9.1.6 Motility test 
Motility of a bacterium was tested by using craigie’s technique 
(Barrow and Feltham, 1993), in which the organism was inoculated 
into a central of craigie’s tube. After incubation the motile bacteria 
migrated out side the center of craigie’s tube. 
 3.9.2.6 The ability to grow in air 
 This test was done by the method described by Barrow and 
Feltham (1993) in which one ml of milk samples were taken 
aseptically and was mixed well with 9 ml distilled water. The mixture 
was shaken well and was used to prepare serial dilution. One ml from 
these dilutions was mixed well with molten standard plate agar (45-
56° C). The medium was allowed to solidify and the plates were 
incubated in an incubator at 37° C for 48 hours. If growth occurs, the 
bacteria had ability to grow in air.  
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3.9.2.7 Anaerobic growth  
 According to the method of Barrow and Feltham (1993) one ml 
of milk samples was taken aseptically and was mixed well with 9 ml 
serial dilution. One ml from these dilutions was mixed well with 
molten standard plate count agar (45-46° C). The medium was 
allowed to solidify and the plates were incubated in a candle jar which 
incubated at 37° C for 48 hours, if growth occurs, the bacteria had 
ability to grow in an aerobic condition. 
3.9.2 Secondary biochemical tests  
3.9.2.1 Methyl red (MR) test  
Glucose phosphate medium was inoculated and incubated at 
37° C for 2 days. About 2 drops of methyl red solution were added to 
it. It was well shaken and examined. The red color indicated a positive 
result and the yellow color indicated negative result. 
3.9.2.2 Vogues Prokauer (VP) test  
  The same media was then used for VP test after MR test 
result was taken. It was done by addition of 0.5 ml of 5% α naphthol 
solution. It was then well shaken and the tubes were sloped, they were 
examined after one hour, a positive reaction was indicated by 
production of pink color.  
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3.9.2. Indole test  
To 48 hours culture (in peptone water), 0.5 ml of Kovac’s 
reagent was added. It was well shaken and examined after one minute. 
Production of a red color was indicative of positive result.  
3.9.2.4 Urease test  
 Urease activity was shown by alkali production (ammonia) 
from urea splitting by the test organism. Inoculums of the tested 
organisms were cultured on the surface of urea agar slopes and 
incubated at 37° C and examined daily for 7 days. A positive test 
indicated by pink red color.  
3.9.2.5 Citrate utilization test  
 Using a sterile straight wire (to avoid carry over of the medium) 
a small inoculum of the test organisms were taken from suspension 
and incubated at 37° C on Koser citrate medium, that was in 
chemically clean tubes. It was examined daily for 7 days for either 
turbidity or production of blue color which was an indication of 
positive reaction.  
3.9.2.6 Coagulase test  
  It was performed as described by Barrow and Feltham (1995). 
Half milliliter of undiluted rabbit plasma was mixed with an equal 
volume of 18-24 hours culture of the tested organisms. Then it was 
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incubated at 37° C, they were examined after one hour then after 4 
hours for the coagulation. Positive tubes showed clotting of the 
plasma. Negative tubes were left at room temperature (37° C) 
overnight and re-examined.  
3.9.2.7 Sugar fermentation test  
 The sugar media was inoculated by adding 2-3 drops of culture 
which was grown in peptone water. The bacteria under test was 
incubated at 37° C and examined daily for up to seven days.  
 Acid production was indicated by the development of a reddish 
color in the media. The sugar used was manitol, sucrose, lactose, 
maltose and xylose.  
3.10 Sensitivity test 
 Sensitivity test was done by suspending 5 ml quantities of 
sterile nutrient broth in 150×15 mm capped tubes. One drop of 
bacteria suspension was transferred using sterile pasture pipette and 
put on diagnostic sensitivity test media (Mueller and Hinton agar 
media). The Petri dishes were moved in around motion to spread the 
suspension on the media surface. The antibiotics were placed firmly 
on the inoculated plates on the middle of the media surface.  
 The plates were allowed to stand at room temperature for 3 
hours to allow antibiotic diffusion. The plates were then incubated at 
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37° C over night. The results of this test were recoded by measuring 
the diameter of inhibition zone around the disc of each antibiotic 
(Baker and Breach, 1980). The antibiotics with accompanied 
concentration that shown in table 3.1 were used during the present 
study were: 
Table 3.1: antimicrobial agents used for sensitivity tests  
Antimicrobial agent  Code  Disc potency (µg)  
 
Ampicillin  AS 20  
Piperacillin  PC 100 
chloramphenicol sp  CH 30 
Clindamicin sp CD 2 
Erythromycin  E  15 
Cloxacillin  CX 5 
Tetracycline  TE 30 
Cephalaxin  PR 30 
Penicillin G P 10 units  
Gentamicin  GM  10 
  
Zone of inhibition (clearings) round the disc papers were 
measured with ruler. The diameter of each zone including the disc 
diameter was recorded and compared with size of control strain which 
has values listed in a standard .(Baner et al., 1966). 
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       The results were recorded as resistant, intermediately sensitive or 
sensitive according to the diameter length as described in table 3.2. 
 
Table 3.2: determination of susceptibility of antimicrobial   agents 
 R  I  S  
Ampicillin ≤14 15-21 ≥22 
Piperacillin  ≤12 19-20 ≥22 
Chloramphenicol  ≤20 20 ≥21 
Clindamicin  ≤14 15-20 ≥21 
Erythromycin  ≤16 17-20 ≥21 
Cloxacillin  ≤15 15 ≥16 
Tetracycline  ≤16 17-21 ≥21 
Cephalaxin  ≤18 19-20 ≥21 
Penicillin G ≤28 28 ≥29 
Gentamicin  ≤14 15-20 ≥21 
 
3.11 Statistical analysis  
 All the data of this study were analyzed statistically using 
complete randomized design and the least significant difference test, 
which was used to detect differences between means (Snedaecor and 
Cochran, 1980). The analysis was carried out using SPSS program 
(Statistical Packages for Social Sciences).  
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CHAPTER FOUR 
RESULTS 
4.1 Microbial analysis of milk samples 
 4.1.1 Total bacterial counts 
           The raw milk samples collected from different locations and 
sources showed that the mean bacterial count was 5.15 x 1011 ± 5.57 x   
1011 cfu/ml in the milk samples collected from Khartoum State. 
During summer and winter, mean total bacterial counts of raw milk 
collected from Khartoum were 1.02×1012 ± 3.40×1011cfu/ml and 1.30× 
1010 ± 2.16×109cfu/ml, respectively (Table 4.1). The minimum and 
maximum bacteria counts were 2.3×1011 and 1.55×1012 and 1.02×1010 
and 1.55×1010, respectively (Table 4.1). 
      The raw milk samples collected from different farms showed that     
the mean total bacterial counts was 5.13×1011± 5.61×1011 cfu/ml, the 
mean total bacterial counts was 3.51×1011 ± 4.15 ×1011cfu/ml for raw 
milk samples collected from Khartoum (Table 4.1). During summer 
and winter means total bacterial counts were 6.89×1011 ± 3.37×1011 
cfu/ml and 1.29×1010 ± 2.53 ×107cfu/ml, respectively (Table 4.1). In 
Khartoum North the mean total bacterial counts of raw milk samples 
collected from the farms were 6.14×1011 ± 6.24 ×1011 cfu/ml (Table 
4.1). 
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Table 4.1: Total bacterial counts of raw milk samples collected from different farms and sale points in 
Khartoum State during summer and winter 
 
Winter Summer locations 
Mean ± std Min. Max. Mean ± std Min. Max. 
Mean +std 
winter +summer 
Khartoum  1.29×1010±2.53×107 6.4×109 1.55×1010 6.89×1011±3.37×1011 3×1011 5.7×1011 3.51×1011±4.15×1011 
 Khartoum North 1.34×1010±1.41×107 1.05×1010 1.55×1010 1.21×1012±2.06×1011 5.7×1011 1.57×1012 6.14×1011±6.24×1011 
Farms 
 Omdurman 1.14×1010±3.63×107 3.925×109 1.55×1010 1.14×1012±2.64×1011 4.32×1011 1.32×1012 5.75×1011±5.99×1011 
Khartoum State 1.26×1010±2.77×107 6.4×109 1.55×1010 1.01×1012±3.56×1011 3×1011 1.57×1012 5.13×1011±5.61×1011 
Khartoum  1.32×1010±1.55×107 1.03×1010 1.55×1010 8.51×1011±3.47×1011 2.3×1011 1.55×1012 4.32×1011±4.88×1011 
 Khartoum North 1.35×1010±6.11×107 1.22×1010 1.56×1010 9.92×1011±3.13×1011 4.77×1011 1.45×1012 5.03×1011±5.41×1011 
Sale points 
 Omdurman 1.37×1010±1.14×107 1.02×1010 1.55×1010 1.22×1012±1.96×1011 8.17×1011 1.55×1012 6.18×1011±6.27×1011 
Khartoum State 1.35×1010±1.16×107 1.02×1010 1.55×1010 1.02×1012±3.26×1011 2.3×1011 1.55×1012 5.18×1011±5.55×1011 
Khartoum State* 1.30×1010±2.16×109 1.02×1010 1.55×1010 1.02×1012±3.40×1011 2.3×1011 1.55×1012 5.15×1011±5.57×1011 
 *Over all mean (summer and winter) for all samples  
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During summer and winter mean total bacterial counts were 
1.21×1012 ± 2.06×1011cfu/ml and 1.34×1010 ± 1.41×107 cfu/ml (Table 
4.1). Similarly raw milk samples collected from Omdurman revealed 
mean count of 5.75×1011 ± 5.99×1011 cfu/ml. During summer and 
winter the mean counts were found as1.14×1012 ± 2.64×1011 cfu/ml 
and 1.14× 010 ± 3.63 ×107 cfu /ml, respectively   (Table 4.1).  
       Raw milk samples collected from different sale points showed 
means total bacterial counts of 5.18×1011± 5.55×1011 cfu/ml, the 
means total bacterial counts was 4.32×1011 ± 4.88 ×1011 cfu/ml, for 
raw milk samples collected from Khartoum, during summer and 
winter the means total bacterial counts were 8.51×1011 ± 3.47×1011 
cfu/ml and 1.32×1010± 1.55×107cfu/ml, respectively (Table 4.1) 
samples collected from Khartoum North, revealed means total 
bacterial counts of 5.03×1011± 5.41×1011cfu/ml, 9.92×1011± 3.13 
×1011cfu/ml and 1.35×1010± 6.11×107cfu/ml for the total ,summer and 
winter, respectively (Table 4.1). Milk collected from Omdurman 
revealed mean count of 6.18×1011± 6.27×1011cfu/ml as shown in 
Table 4.1. During summer and winter the mean counts were found as 
1.22×1012± 1.92×1011 cfu/ml and 1.37×1010± 1.14×107 cfu/ml, 
respectively (Table 4.1).  
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      Raw milk samples collected from different locations and 
seasons showed significant variations for (P< 0.001) total bacterial 
counts (TBC) as shown in Table 4.2 and Table 4.3. Moreover the 
interaction between seasons and locations showed significant 
variations (P< 0.001) for TBC as shown in Table 4.2. The interaction 
between seasons and sources showed significant variations (P<0.05) 
for TBC as shown in Table 4.2. Similarly the raw milk samples 
collected from different sources showed significant variations         
(P< 0.01) for TBC as shown in Table 4.2. Also the interaction 
between locations and sources showed significant variations (P< 0.01) 
for TBC as shown in Table 4.2.  
4.2 Determination of the physicochemical properties of   milk 
samples 
4.2.1 Titratable acidity 
The raw milk samples collected from different locations and 
sources (Table 4.4) showed that the mean values for acidity was 0.20± 
0.31%, during summer the mean acidity was 0.20 ± 0.22%, the 
minimum and maximum were 0.20% and 0.23% respectively (Table 
4.4). During winter, the acidity was 0.19 ± 0.22%, the minimum was 
0.13% and the maximum was 0.25% (Table 4.4). The raw milk 
samples collected from different farms showed that the total means 
value for acidity was 0.19 ± 0.25%, the mean value for acidity were 
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 Table 4.2 Effect of different sources, seasons and locations 
on TBC of raw milk samples in Khartoum State using one-way 
ANOVA  
 
*    : Significant at (P< 0.05). 
**  :  Significant at (P< 0.01).  
***:  Significant at (P< 0.001). 
Measurements Mean square Sig. 
Seasons  6.0569×1023 0.001*** 
Locations  9.49833×1023 0.001*** 
Sources 1.2020×1021 0.026* 
Seasons × locations  9.5183×1023 0.001*** 
Seasons ×  sources  8.4840×1023 0.052** 
Locations ×   sources  2.0605×1023 0.001*** 
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Table 4.3: Comparison of properties milk samples collected from 
different locations in Khartoum State using Duncan's 
multiple range tests 
 
Locations TBC 
(cfu/ml) 
Acidity pH Temperature Shelf 
life 
Khartoum 3.92×1011a 0.20a 6.74b 25.78 a 4.87a 
Khartoum North 5.96×1011b 0.22a 6.74b 26.70b 5.26a b 
Omdurman 5.58×1011b 0.25b 6.517a 28.60c 5.60b 
 
In this and the following tables, means within each column bearing the same 
superscripts are not significantly different (p<0.05) 
TBC= Total bacterial count 
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0.18± 0.24% for milk samples collected from Khartoum (Table 4.4). 
During summer it was 0.19 ± 0.20% and during winter it was 0.17± 
0.27%, (Table 4. 4). In Khartoum North the mean value of acidity of 
milk was 0.19± 0.20%, during summer it was 0.20± 0.21% and during 
winter was 0.19±0.16% (Table 4.4). Similarly, the raw milk samples 
collected from Omdurman revealed mean value for acidity of 0.21± 
0.23%, during summer it was 0.21± 0.29% and during winter it was 
0.21± 0.11% (Table 4.4). The raw milk samples collected from 
different sale points (Table 4.4) showed that the total mean value for 
acidity was 0.20± 0.19%. The mean value for acidity was 0.20± 
0.17% for milk sample collected from Khartoum (Table 4.4). During 
summer it was 0.21± 0.77% and during winter it was 0.19± 0.46% 
(Table 4. 4). In Khartoum North the mean value of acidity was 0.20± 
1.19%, during summer it was 0.21± 0.17% and during winter it was 
0.19±0.18% (Table 4.4). Similarly the raw milk samples collected 
from Omdurman showed mean value for acidity of 0.21± 0.19% 
during summer it was 0.22± 0.10% and during winter it was 0.21± 
0.23% (Table 4.4).      
The milk samples collected from different locations showed 
significant variations (P<0.001) for acidity as shown in Table 4.5. 
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Table 4.4: Acidity and pH of milk samples collected from different farms and sale points in Khartoum State 
during summer and winter  
*Over all mean (summer and winter) for all samples 
acidity  PH
Winter Summer Winter Summer 
source location 
Mean±std  Min. Max. Mean± td  Min. Max. 
Total 
Mean±std Mean±std  Min. Max. Mean±std  Min. Max. 
Total 
 
Khartoum  
0.17± 0.27 0.13 0.25 0.19± 0.20 0.15 0.22 0.18± 0.24 6.7± 0.14 6.4 6.9 6.8± 0.13 6.7 6.88 6.7± 0.11 
Khartoum 
North 0.19± 0.16 0.15 0.23 0.20± 0.21 0.18 0.23 0.19± 0.20 6.7±  0.01 6.5 6.8 6.8± 0.10 6.6 6.98 6.8± 0.10 
Farms 
 Omdurman 0.21± 0.11 0.19 0.23 0.21± 0.29 0.18 0.23 0.21± 0.22 6.3± 1.36 5.9 6.8 6.4± 0.35 6.6 6.99 6.4± 0.98 
Khartoum State 
0.19± 0.23 0.13 0.25 0.20± 0.22 0.15 0.23 0.19± 0.25 6.6±  0.8 5.9 6.9 6.7± 0.26 6.6 6.99 6.6± 0.59 
Khartoum  0.19± 0.14 0.15 0.25 0.21± 0.17 0.17 0.23 0.20+ 0.17 6.6± 0.19 6.0 6.9 6.7± 0.60 6.6 6.97 6.7± 0.16 
Khartoum 
North 0.19± 0.18 0.13 0.25 0.21± 0.17 0.15 0.23 0.20± 0.19 6.7± 0.47 6.4 6.8 6.6± 0.36 6.4 6.83 6.7±0.27 
Sale points 
 Omdurman 0.21± 0.23 0.17 0.23 0.22± 0.10 0.20 0.23 0.21± 0.19 6.6±  0.24 5.9 6.8 6.5± 0.27 5.8 6.88 6.6± 0.25 
Khartoum State 
0.20± 0.20 0.13 0.25 0.21± 0.16 0.15 0.23 0.20± 0.19 6.6± 0.18 5.9 6.9 6.6± 0.19 5.8 6.97 6.6± 0.19 
Khartoum State* 
0.19± 0.21 0.13 0.25 0.20± 0.22 0.20 0.23 0.20± 0.23 6.6± 0.58 5.9 6.9 6.7± 0.23 5.8 6.99 6.6± 0.44 
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Similarly significant variations were found between milk samples 
collected during different seasons (P< 0.01). Moreover significant 
variations (P<0.001) for acidity were found in the interaction between 
seasons, locations and sources as shown in Table 4.5. 
4.2.2 pH values 
The raw milk samples collected from different locations and 
sources showed that the total mean pH value were 6.6± 0.44, during 
summer it was 6.7± 0.23, the minimum and maximum values were 
5.84 and 6.99, respectively (Table 4.4). During winter the pH was 
6.6± 0.58, the minimum was 5.91 and the maximum was 6.97 (Table 
4.4). The raw milk samples collected from different farms showed that 
the total mean values for pH was 6.6± 0.59, The mean value of pH  
were 6.7± 0.11 for milk samples collected from Khartoum, during 
summer it  was 6.8± 0.13 and during winter it was 6.7± 0.14 (Table 
4.4). In Khartoum North the mean value of pH for the raw milk 
sample was 6.8±0.10, during summer it was 6.8± 0.10 and during 
winter was 6.7± 0.01 (Table 4.4). Similarly the raw milk samples 
collected from Omdurman showed mean value of pH of 6.4± 0.98, 
during summer and winter the pH was found as 6.4± 0.35 and 6.3± 
1.36, respectively (Table 4. 4). 
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Table 4.5: Physiochemical properties of milk samples collected 
from different sources and locations in Khartoum State 
during summer and winter using one way ANOVA 
 
Variable Mean square Sig.  
Seasons   
 Acidity  1.926 0.018** 
pH 0.165 0.345NS 
Temperature  24.337 0.001*** 
Shelf life  8.004 0.001*** 
Location   
 Acidity  5.126 0.001*** 
pH 1.479 0.001*** 
Temperature  1.479 0.001*** 
Shelf  life 6.704 0.017** 
Sources   
 Acidity  4.845 0.001*** 
pH 2.091 0.737NS 
Temperature  5.104 0.440NS 
Shelf  life 4.167 0.968NS 
Seasons× locations   
 Acidity  5.798 0.001*** 
pH 4.193 0.797NS 
Temperature  10.212 0.303NS 
Shelf  life 0.554 0.803NS 
Seasons ×  sources   
 Acidity  2.185 0.012** 
pH 0.260 0.237NS 
Temperature  5.704 0.414NS 
Shelf  life 2.204 0.351NS 
Locations×  sources   
 Acidity  7.250 0.123NS 
pH 0.464 0.083* 
Temperature  91.554 0.001*** 
Shelf  life 5.779 0.103NS 
 
NS: Non-significant (P>0.05).        **:  Significant at P<0.01. 
*:    Significant at P<0.05.              ***: Significant at P<0.001 
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The raw milk sample collected from different sale points 
showed that the total mean value for pH was 6.6± 0.19 for milk 
samples collected from Khartoum State (Table 4.4). The mean value 
of pH of milk samples collected from Khartoum was 6.7± 0.16, during 
summer it  was 6.7± 0.60 and during winter it  was 6.6± 0.19 (Table 4. 
4). In Khartoum North the mean value of pH for the raw milk sample 
was 6.7±0.27, during summer it was 6.6± 0.36 and during winter was 
6.7± 0.47 (Table 4.4). The mean value of pH for raw milk samples 
collected from Omdurman was found to be 6.6± 0.25; during summer 
and winter it showed values of 6.5± 0.27 and 6.6± 0.24, respectively 
(Table 4.4). 
       The raw milk samples collected from different locations showed 
significant variations (P<0.001) for pH values as shown in Table 4.5. 
However non significant differences were reported in the pH values 
for the milk samples collected from Khartoum and Khartoum North 
(Table 4.5).  
4.2.3 Temperature 
 The raw milk samples collected from different locations and 
sources showed that the average mean value for the temperature of 
milk was 27± 3.79° C. During summer it was 28± 2.44° C, the 
minimum and maximum were 21° C and 33° C, respectively (Table 
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4.6). During winter it was 25± 3.86° C, the minimum was 10° C and 
the maximum was 32° C (Table 4.6). The raw milk samples collected 
from different farms showed that the total average mean value of 
temperature was 26± 4.04° C, the average mean value of temperature 
was 26± 2.84° C for milk samples collected from Khartoum (Table 
4.6). During summer it was 28± 1.16° C and during winter it was 24± 
2.35° C (Table 4.6). In Khartoum North the average mean value of 
temperature of milk was found to be 26± 5.25° C (Table 4.6). During 
summer it was 29± 1.94° C and during winter was 23 ±6.26° C (Table 
4.6). The average mean values for temperature of milk samples 
collected from Omdurman was 27± 3.74° C, during summer and 
winter it showed that the average values for the temperature were 28± 
2.75°  C and 25± 4.14°  C, respectively (Table 4.6). 
The raw milk sample collected from different sale points 
showed that the total average mean value of the temperature was 24± 
3.76° C. The averages mean values for the temperature of milk was 
24± 2.87° C for milk sample collected from Khartoum (Table 4.6). 
During summer it was 26± 2.47° C and during winter it was 23± 2.60° 
C (Table 4.6). In Khartoum North the average mean value for the 
temperature of milk was 26 ±2.58° C, during summer it was 28± 1.21° 
C and during winter it was 24± 2.05° C (Table 4.6). The average mean  
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Table 4.6:  Temperature (O C) of milk samples collected from different farms and sale points in Khartoum State 
during summer and winter 
 
Winter Summer source location 
Mean±std  Min. Max. Mean±std  Min. Max. 
Total  
Khartoum 24±2.35 19 26 28± 1.16 26 31 26+2.84 
Khartoum North 23± 6.26 10 30 29± 1.94 27 31 26± 5.25 
Farms 
Omdurman 25± 4.14 19 32 28± 2.75 26 32 27± 3.74 
Khartoum State 18± 1.82 10 32 24±  4.54 26 32 26± 4.04 
Khartoum 23±2.60 18 26 26± 2.47 21 30 24+ 2.87 
Khartoum North 24± 2.05 20 26 28± 1.21 26 28 26± 2.58 
Sale points 
Omdurman 27± 2.83 25 31 32± 1.18 30 33 29± 3.20 
Khartoum State 25± 3.05 18 31 29± 3.02 21 33 24± 3.76 
Khartoum State* 25±3.86 10 32 28± 2.44 21 33 27± 3.79 
*Over all mean (summer and winter) for all samples 
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values for the temperature of the raw  milk samples collected from 
Omdurman revealed 29± 3.20° C, while during summer and winter it  
showed 32± 1.18° C and 27±2.83° C, respectively (Table 4.6). 
       The milk samples collected from different locations and seasons 
showed significant variations (P<0.001) for temperature as shown in 
Table 4.3 and Table 4.5. However there were non significant 
differences when the interactions between seasons and locations are 
estimated (Table 4.5). 
4.3 Shelf life of raw milk samples collected from farms and sale 
points in Khartoum State 
The raw milk samples collected from different locations and 
sources showed mean shelf life of 5.2± 1.74 days; during summer the 
shelf life of milk was found to be 4.5± 1.92 days. The minimum and 
maximum values for shelf life were 2 days and 6 days, respectively 
(Table 4.7). During winter it was 5.9 ±1.23, the minimum was 3 days 
and the maximum was 9 days (Table 4.7).  
The raw milk samples collected from different farms showed 
mean shelf life of 5.2± 1.23 days, the mean of shelf life were5.5 ± 
1.85, 5.6± 0.87 and 4.6± 1.44 days for milk samples collected from 
Khartoum, Khartoum North and Omdurman, respectively (Table 4.7). 
The mean of shelf life of raw milk samples collected from Khartoum 
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during summer was 5.1± 0.30 days and during winter it was 5.9± 1.39 
days (Table 4.10). 
In Khartoum North during summer the mean of shelf life of raw 
milk was 5.0± 0.60 days and during winter it was 6.1± 0.74 days 
(Table 4.7). Similarly the milk samples collected from Omdurman 
during summer revealed a shelf life of 3.8± 1.34 days, while during 
winter it was 5.3 ±1.13 days (Table 4.7). The raw milk sample 
collected from different sale points showed shelf life of 5.2± 1.74 
days, the mean of shelf life of 5.0± 1.69 days for milk samples 
collected from Khartoum were reported (Table 4.7). During summer it 
was 3.9± 1.41 days and during winter it was 6.1± 1.16 days (Table 
4.7). In Khartoum North the mean shelf life was 5.6± 1.17 days during 
summer was 4.8± 0.98 days and during winter was 6.3± 0.81 days 
(Table 4.7). 
 The raw milk samples collected from Omdurman showed mean 
shelf life of 5.1± 3.09 days; during summer and winter it showed shelf 
life of 4.2± 4.02 days and 5.6±1.72 days, respectively (Table 4.7).  
Raw milk samples collected from different locations and 
seasons showed significant variations (P<0.001) for shelf life (Table 
4.5). However there were non significant differences in interactions 
between seasons and locations as shown in Table 4.5. Similarly non  
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Table 4.7: Shelf life (days) of milk samples collected from different farms and collection points in Khartoum 
State during summer and winter 
*Over all mean (summer and winter) for all samples 
Winter Summer Total Sources locations 
Mean±td Min Max Mean±std Min Max Mean±std 
Khartoum 5.9± 1.39 4 9 5.1± 0.30 5 6 5.5± 1.85 
Khartoum North 6.1± 0.74 4 7 5.0± 0.60 4 6 5.6± 0.87 
Farms 
Omdurman 5.3± 1.13 3 6 3.8± 1.34 2 5 4.6± 1.44 
Khartoum State 5.8± 1.15 3 9 4.6± 1.036 2 6 5.2± 1.23 
Khartoum 6.1± 1.16 4 9 3.9± 1.41 2 6 5.0± 1.69 
Khartoum North 6.3± 0.81 4 7 4.8± 0.98 3 6 5.6± 1.17 
Sale points 
Omdurman 5.6± 1.72 3 7 4.2± 4.02 2 5 5.1± 3.09 
Khartoum State 6.0± 1.30 3 9 4.4± 2.52 2 6 5.2± 2.14 
Khartoum State* 5.9± 1.23 3 9 4.5± 1.92 2 6 5.2± 1.74 
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significant differences were reported between the shelf life milk 
samples collected from Khartoum North and Omdurman (Table 4.3). 
4.4 Correlation between total bacterial counts cfu/ml and some 
physicochemical properties of milk samples collected in 
Khartoum State  
      Table 4.8 showed the interrelationships between total bacterial 
counts and acidity, pH, temperature and shelf life. It is clear that, total 
bacterial counts correlated positively with acidity (r= 0.167, P< 0.001) 
and pH (r= 0.132, P<0.05). Acidity showed significant positive 
correlation with pH (r= 0.175, P< 0.01) and shelf life (r= 0.401, P< 
0.01). The shelf life of the raw milk samples revealed positive 
correlation with temperature (r=0.255, P< 0.01) and acidity (r= 0.401; 
p< 0.01) (Table 4.8). However significant negative correlation was 
found between shelf life and pH (r =0.144, P< 0.05) of raw milk 
samples. Non significant correlation were found for the other 
measurements. 
4.5 Incidences and frequencies of preservative in milk samples 
collected in Khartoum State  
Figure 4.1, 4.2 and 4.3 showed positive and negative results for 
antibiotics and sulphanamide tests. Table 4.9 showed that the total 
positive antibiotic contaminated milk using total antibiotic detection 
kits were found in 30 (12.5%) of the total examined samples. 
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Table 4.8: Correlation between some quality measurements of 
milk samples collected in Khartoum State 
Correlation TBC (cfu/ml) 
Acidity 
(%) pH 
Temperature 
(o C) 
Shelf 
life 
(days) 
TBC/ cfu/ml 1 0.167** 0.132* 0.009Ns 0.080 
Acidity (%) 0.167** 1 0.175** 0.107Ns 0.401** 
pH 0.132* 0.175** 1 0.029Ns 0.144* 
Temperature 
(o  C) 0.009
NS 0.107NS 0.029NS 1 0.255** 
Shelf life 
(days) 
0.080 0.401** 0.144* 0.255** 1 
 
**: Correlation is significant at P<0.01. 
*: Correlation is significant at P<0.05. 
NS: non significant 
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Moreover 13 (16.25%) of the positive samples were detected in 
Khartoum; 8 (20%) in the farms and 5 (12.5%) in the sale points as 
shown in Table 4.9. However 8 (10%) of the milk samples 
contaminated with antibiotic were found in Khartoum North. They 
were reported as 3 (37.5%) and 5 (12.5%) in the milk samples 
collected from farms and sale points, respectively (Table 4.9). The 
positive samples detected in Omdurman were 9 (11.25%), they were 4 
(10%) and 5 (12.5%) in farms and sale points, respectively (Table 
4.9). On the other hand when using disk assay methods for detection 
of antibiotic residues, 28 (11.66%) of the total milk samples were 
found to be contaminated with antibiotic. They were estimated as 12 
(15%) in Khartoum, 8 (20%) and 4 (10%) in the farms and in sale 
points, respectively (Table 4.9). Nine (11.25%) milk samples 
contaminated with antibiotic in Khartoum North were reported as 3 
(7.5%) and 6 (15%) in the farms and in sale points, respectively 
(Table 4.9). Similarly 7 (8.75%) positive antibiotic residues samples 
detected in Omdurman were estimated as 2 (5%) and 5 (12.5%) in the 
farms and sale points, respectively (Table 4.9). Moreover when we 
use sulfhanomide detection test, 16 (6.66%) of the total milk samples 
were found to be contaminated with sulfhanomide. Moreover 6 (7.5%) 
of the positive samples detected in 
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Table 4.9: Incidence and frequencies of chemical preservation in milk samples collect from different locations in 
Khartoum State 
Preservative 
 
 location sources 
Antibiotic kits Disk ssay Sulphanomide Formal dehyde 
Hydrogen 
peroxide 
Boric acid 
Alkaline of 
ash 
Farms 8 (20%) 8 (20%) 2 (5.0%) 0 1 (2.5%) 0 0 Khartoum 
Sale points 5 (12.5%) 4 (10%) 3 (7.5%) 2 (5.0%) 0 0 0 
    Khartoum State           13 (16.25%) 12 (15%) 6 (7.5%) 2 (2.5%) 1(1.25%) 0 0 
Farms 3 (7.5%) 3 (7.5%) 2 (5.0%) 1 (2.5%) 0 0 3 (7.5%) Khartoum 
North Sale points 5 (12.5%) 6 (15%) 3 (7.5%) 2 (5.0%) 0 0 0 
        Khartoum State    8 (10%) 9 (11.25%) 5 (6.25%) 3 (3.7%) 0 0 3 (7.5%) 
Farms 4 (10%) 2 (5.0%) 3 (7.5%) 0 0 0 0 Oumder 
man Sale points 5 (12.5%) 5 (12.5%) 2 (5.0%) 0 0 0 1(2.5%) 
Khartoum State 9 (11.25%) 7 (8.75%) 5 (6.25%) 0 0 0 1 (1.25%) 
             Khartoum State* 30 (12.5%) 28 (11.66%) 16 (6.66%) 5 (2.08%) 1 (0.41%) 0 4 (1.6%) 
*Over all mean (summer and winter) for all samples
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Khartoum were obtained as 2 (5.0%) and 3 (7.5%) in the sale points 
and farms, respectively (Table 4.9). Five (6.25%) of milk samples 
contaminated with sulfhanomide were found to be in Khartoum North. 
They were reported to be 2 (5.0%) and 3 (7.5%) in the farms and in 
sale points, respectively (Table4.9). Similarly 5 (6.25%) positive 
samples detected in Omdurman, were estimated as 3 (7.5%) and 2 
(5.0%) for the milk samples collected from farms and sale points, 
respectively (Table 4.9).  
The presence of formaldehyde in the milk samples was reported 
in 5 (2.08%) of the total milk samples. They were found to be 2 
(2.5%) in Khartoum, they were reported as (0%) and 2 (5.0%) in the 
farms and in sale points, respectively (Table 4.9). Three (3.75%) milk 
samples contaminated with formaldehyde in Khartoum North were 
reported as 1 (2.5%) and 2 (5.0%) in the farms and in sale points 
respectively (Table 4.9). Negative result for the presence of 
formaldehyde for all raw milk samples examined was reported from 
Omderman was reported (Table 4.9). The samples revealed that only 
one sample which was collected from a farm in Khartoum was found 
to be contaminated with hydrogen peroxide. Moreover all the 
collected milk samples revealed the absence of boric acid as shown in 
Table 4.9. 
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Four (1.6%) of the milk samples were found to be positive for 
alkalinity of ash. They were obtained from 3 (3.75%) of milk samples 
collected from the farms in Khartoum North, while one sample 
(1.25%) was found among the milk samples collected from sale points 
in Omdurman (Table 4.9). 
4.6 Bacteriology of isolated organisms 
Some bacteria were isolated from raw milk samples that 
showed the presence of antibiotic residues in Khartoum State. 
The isolates were found as Staphylococcus aureus (8; 26.66%), 
Streptococcus pyogenes (4; 13.33%), Corynebacterium ovis (2; 
6.66%), E. coli (5; 16.66%), Citrobacter Kasseri (6; 20%), Kelbesilla 
aergenes (2; 6.66%), and Pseudomonas eaurginosa (2; 6.66%), 
However one isolate (3.33%) found in milk was identified as Proteus 
mirabilis (Table 4.11). 
Primary and secondary confirmatory tests used for 
identification of the isolated bacteria were shown in Table 4.11 and 
Table 4.12. 
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          Figure 4.1: Positive result for antibiotic residue 
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                Figure 4.2: Negative result for antibiotic residue 
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A: positive result                                     P: negative result                                   
 
 
 
 
Figure 4.3: Positive and negative antibiotic residues using total 
antibiotic and sulphonamide kits 
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Table 4.10:  Frequency of isolated bacteria from raw milk samples 
contaminated with antibiotic residue in farms and sale 
points in Khartoum State 
 
Bacteria species Number of isolates 
Staphylococcus aureus 8 (26.66 %) 
Streptococcus pyogenes 4 (13.33 %) 
Corynebacterium ovis 2 (6.66 %) 
E. coli 5 (16.66 %) 
Citrobacter kasseri 6 (20.00 %) 
Kelbesilla aergenes 2 (6.66 %) 
Proteus mirabilis  1 (3.33 %) 
Pseudomonas earuginosa 2 (6.6 %) 
Total 30 (100.00 %) 
 
 
. 
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Table 4.11 Biochemical reactions of the isolated Gram-positive 
bacteria in milk samples from Khartoum State 
 
 Staphylococcus 
aureus 
Corynebacterium ovis 
 
Streptococcus 
pyogenes 
Shape Coccui Bacilli Cocci 
Motility - - - 
Catalase + + - 
Oxidase - - - 
OF F F F 
Glucose + + + 
Grow in air + + + 
Lactose + ND + 
Maltose + + + 
Mannitol + - + 
Sucrose + ND + 
Xylose + - - 
Urease + +  
V-P + -  
Goagulase + ND ND 
 
+:    Positive            -:     Negative     F:     fermentation 
OF:   oxidation fermentation test 
O:    oxidation        D:    Not done    V-P: Voges- Prokauer 
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Table 4.12: Biochemical reactions of the isolated Gram-negative 
bacteria in milk samples from Khartoum State 
 
Bacteria E. coli Citrobacter 
kasseri 
Kelbesilla 
aerogenes 
Proteus 
mirabilis 
Pseudomonas 
eaurginosa  
Shape R R R R R 
Motility + + - + + 
Catalase + + ND + + 
Indole + + - - + 
M-R + + - +  
V-P - - + -  
Citrate - + + + + 
Urease - + + + + 
Glucose + + + + + 
Maltose + + + - - 
Mannitol - + + - + 
lactose + ND + - - 
Xylose ND + + + + 
Sucrose ND + + + - 
 
 
+:    positive 
-:    Negative  
ND:   Not done 
V-P:  Voges-Prokauer 
M-R:  methyl red 
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4.7 Microbial drug resistance 
       The present study showed that colxacillin, clindamicin, 
ampicillin, penicillin, erythromycin,  gantamicin, cephalexin, 
tetracyciline and pipercillin,  revealed 62.5%, 62.5%, 62.5%,50%, 
37.5%, 25%, 12.5, 12.5%, 12.5% resistance by the tested 
Staphylococus aurous isolates (Table 4.13 and Fig 4.4). Penicillin, 
colxacillin, clindamicin, ampicillin, gentamicin, erythromycin, 
cephalexin. pipercillin,  showed 75%, 75%, 75%,75%, 50%, 25%, 
25% resistance 50% each  by the tested Streptococcus pyogenes 
(Table 4.13). 
       In the present study, the isolated Corynobacterium ovis 
showed resistance to penicillin, erythromycin and clindamicin. 
Similarly Escherichia coli showed  80%, 60%, 60%,60%,  50%, 
40%, 40%, 20% and 20% resistance towards colxacillin, penicillin, 
tetracycline, clindamicin , erythromycin, ampicillin, cephalexin,  
gentamicin and chloramphencol,  respectively (Table 4.13 and Fig 
4.5). Citrobacter Kasseri also showed resistance against colxacillin 
(66.7%), erythromycin (66.7%), ampicillin (66.7%), penicillin 
(50%), tetracycline (50%), cephalexin (33.3%) and clindamicin 
(33.3%). Kelbesilla aergenes showed resistance towards penicillin, 
tetracycillin, colxacillin, erythromycin, clindamicin, pipercillin and  
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ampicillin, showed resistance at 50%, 50%, 50%, 50%, 50%, 50% 
and 50% respectively. Pseudomonades earginosa showed 100% 
100%, 100%, 50%, 50%, 50%, 50%, 50% and 50% resistance 
towards gentamicin, chloramphenciol, ampicillin, Penicillin, 
cephalexin, tetracycillin, colxacillin, clindamicin, and pipercillin 
(Table 4.11). 
        In the present study the isolated Proteus mirabilis, showed 
100% resistance to penicillin, cloxacillin and ampicillin.  
 85
Table 4.13: Antimicrobial susceptibility tests for the isolated potential pathogenic bacteria from raw milk samples 
contaminated with antibiotics residue. 
 
 
Bacteria 
Staphylococus 
aurous 
(%) 
 
Streptococc
us pyogenes
(%) 
Corynobact
erium ovis 
(%) 
Escherichia 
coli 
(%) 
 
Citrobacter 
Kasseri 
(%) 
Kelbesilla 
aergenes 
(%) 
Pseudomonas 
earginosa (%) 
Proteus 
mirabilis 
(%) 
Antibiotic S I R S I R S I R S I R S I R S I R S I R S I R 
Gentamicin 62.5 12.5 25 25 25 50 50 50 0 60 20 20 66.7 33.3 0 50 50 0 0 0 100 100 0 0 
Penicillin  
(p10) 37.5 12.5 50 25 0 75 50 0 50 20 20 60 16.7 33.3 50 50 0 50 0 50 50 0 0 100 
Cephalexin 25 62.5 12.5 25 50 25 0 100 0 20 40 40 16.7 50 33.3 50 50 0 50 0 50 0 100 0 
Tetracycline 37.5 50 12.5 75 25 0 0 100 0 40 0 60 33.3 16.7 50 50 0 50 50 0 50 100 0 0 
Colxacillin 25 12.5 62.5 0 25 75 100 0 0 20 0 80 0 33.3 66.7 0 50 50 50 0 50 0 0 100 
Erythromycin 25 37.5 37.5 25 25 50 50 0 50 0 50 50 16.6 16.6 66.7 0 50 50 50 50 0 100 0 0 
Clindamicin 12.5 25 62.5 0 25 75 0 50 50 0 40 60 16.6 50 33.3 50 0 50 0 50 50 0 100 0 
Chloramphenc 75 25 0 75 25 0 100 0 0 40 40 20 66.7 33.3 0 50 50 0 0 0 100 100 0 0 
Pipercillin 75 12.5 12.5 50 25 25 50 50 0 60 40 0 66.7 33.3 0 50 0 50 0 50 50 0 100 0 
Ampicillin 12.5 25 62.5 0 25 75 50 50 0 0 60 40 16.6 16.6 66.7 0 50 50 0 0 100 0 0 100 
  
S: sensitive                    I : intermediate                R : resistance 
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Figure 4.4 : Staphylococcus aureus exhibits varying sensitivity to 
antibiotics  
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Figure 4.5: Escherichia coli exhibits varying resistance to antibiotics  
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CHAPTER FIVE 
DISCUSSION 
     Results of total bacterial counts obtained during the present study 
showed high bacterial counts, which ranged between 1.3×1010± 2.16×107 
to 1.02  × 1012 ± 3.4 × 1011 cfu/ml (Table 4.1). The high bacterial counts of 
milk were expected under tropical condition like Sudan due to the fact that 
high temperature enhances growth and multiplication of bacteria (Barakat, 
1995). Moreover in the present study the total bacterial counts were found 
to be highly significantly affected by season (Table 4.2). the highest total 
bacterial counts was reported during summer, while the lowest was found 
during winter. This result agreed with the findings of Heeschen et al. 
(1987) they reported that the highest bacterial counts of market and farms 
milk samples were during summer seasons. Also it agreed with Aleksiera 
and Krusher (1981) who stated that microbial contamination was strongly 
correlated with the season and the highest number was noticed during the 
warm months. Moreover it agreed with Mohamed (2004) who found the 
total bacterial counts of marked milk in Sudan during summer (1.04×1010 ± 
4.01 × 1010 cfu/ml) was higher than winter (9×108± 2.51×109  cfu/ml). 
However the result disagreed with those reported by Titini et al. (1991) 
who found the bacterial counts to be log 6.0× 105 cfu/ml in winter 
compared to log 6.0 × 104 cfu/ml during summer season. When the milk 
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samples collected from different locations were compared, it was observed 
that there were significant differences (P<0.001) which indicated that the 
quality of milk differs from one location to another (Table 4.2 and 4.3). 
The highest bacterial counts of milk samples were reported in Omdurman 
followed by Khartoum North compared to those collected from Khartoum. 
This might be due to the fact that the farms in Khartoum located near 
consumption areas so that milk did not need to be transported for long 
distances. However, in Omdurman area, farms are located at distance from 
consumption area and it was transported from farms to consumption areas 
by means that subjected milk to contamination and bacterial growth which 
supported the findings of Mohamed (2004). Similarly this result agreed 
with Kailasapathy and Wijayakan (1987) and Godefay and Molla (2000) 
who reported that the total bacterial counts were high due to transportation 
in high temperatures without cooling. It was also observed that the milk 
samples collected from farms and sale points in Omdurman had relatively 
high mean counts (5.75× 1011±  5.99× 1011 cfu/ml and 6.18 × 1011± 6.27× 
1011 cfu/ml) compared to that obtained from Khartoum (3.51×1011± 
4.15×1011 cfu/ml and 4.32×1011± 4.88×1011 cfu/ml), respectively. These 
low numbers might be attributed to the fact that 31(12.9%) milk samples 
from Khartoum were reported to be contaminated with antibiotic residues 
compared to 22 (9.16%) and 21 (8.75%) in Khartoum North and 
Omdurman, respectively (Table 4.1 and  4.9). Highly significant variations 
 90
for TBC (P≤ 0.001) were obtained when the interaction between seasons 
and locations were compared (Table 4. 2). On the other hand when these 
results were link with the values of the temperature, it was observed that 
the seasons influence the growth and multiplication of bacteria. As it was 
found that the average mean values of the temperatures of the milk 
samples collected from farms in Khartoum during winter had relatively 
low average (18± 1.82 o C) than during summer (24± 4.54 o C), Similarly in 
sale points the temperature of the milk samples revealed values of 25± 
3.05 o C and 29± 3.02 o C respectively, during winter and summer (Table 4. 
6). This might be due to high atmospheric temperature during summer 
which enhances the growth and multiplication of bacteria (Dirar, 1975, 
Barakat, 1995 and Mohamed 2004). In the present study the total bacterial 
count was found to be significantly affected by the sources from which the 
milk samples were collected (Table 4.2). This result disagreed with 
Heeschen et al. (1987) who reported that the total bacterial counts 
remained similar in milk from market and farms. The variations might be 
attributed to the weak channels of milk transportation and to the handling 
and marketing in Sudan (Elmagli and El Zubeir, 2006).  
The total bacterial counts of milk samples were high in sale points 
(5.18×1011± 5.55×1011 cfu/ml) compared to that of farms (5.13×1011± 
5.61×1011cfu/ml). This might be due to contamination during 
transportation and storage as venders take 2-3 hours to transport milk by 
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donkeys from farms or collection centers to the consumers in plastic 
containers or cans containers without cooling. On the other hand the 
increased bacterial counts in the farms milk might be due to the presence 
of diseased cows in the herds. This supported Mohamed et al. (1993) who 
reported that mastitic cows had higher total bacterial counts compared to 
healthy ones. Seymour et al. (1988) reported that antibiotics may remain in 
milk after 4 days of holding time. Also the farmers must prevent 
contamination of milk by the stable environment and milking equipment as 
well as controlling temperature and time in order to minimize the growth 
of pathogens (IDF, 1994; Yaghoub et al., 2005 and Elmagli and El Zubeir 
2006). Milk samples collected from the farms during winter had relatively 
low mean total bacterial counts (1.26×1010± 2.77×107 cfu/ml) than those 
from sale points (1.35×1010± 1.16×107 cfu/ml). Moreover the lowest 
average means value of the temperature was reported during winter in the 
farms (18± 1.82º C). On the other hand the high mean total bacterial counts 
of milk in sale points might be due to contamination during transportation 
and storage. Goldbeawrg et al. (1990); Godefay and Molla (2000) and Sid 
Ahmed (2006) reported similar findings. During summer the total means 
counts in the farms milk samples was 1.01×1012± 3.56×1011 cfu/ml, while 
during winter it was 1.26×1010± 2.77×107 cfu/ml. This might be due to the 
high milk temperature which was recorded during summer might enhance 
the growth and multiplication of bacteria. Moreover the traditional 
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methods of distribution and transportation of milk increases growth and 
multiplication of bacteria as was reported previously by Mohamed (2004) 
and Elmagli and El Zubeir (2006).  
Milk samples collected from farms located in Khartoum North 
during summer had relatively high mean total count (6.14×1011± 6.24×1011 
cfu/ml) than those from Omdurman (5.75×1011± 5.99 × 1011cfu/ml) and 
Khartoum (3.51×1011 ± 4.15 ×1011 cfu/ml). This might be attributed to the 
fact that 3 samples and 2 samples of raw milk   collected from Khartoum 
North were contaminated with antibiotic residues and sulphonamide, 
respectively compared to 4 samples and   3 samples of raw milk  samples 
and 8 samples of raw milk  samples and 2 samples of raw milk from 
Omdurman and Khartoum, respectively (Table 4. 9). However the milk 
samples from the sale points in Omdurman revealed high total bacterial 
counts (6.18×1011± 6.27×1011 cfu/ml) than those from Khartoum North 
(5.03×1011± 5.41×1011cfu/ml) and Khartoum (4.32×1011± 
4.88×1011cfu/ml). This might be attributed to the fact that 7 samples of raw 
milk collected from Omdurman were positive for antibiotic residues and 
sulphanomids tests compared to 8 samples and 9 samples, which were 
collected from Khartoum North and Khartoum, respectively (Table 4.9). 
The highly significant variations in the level of antibiotic contaminated 
milk collected from different sources as shown in Table 4.3. might be due 
to the different locations of farms and sale points in addition to different 
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factors including animal breeds, diseases in the area and the way of  
treatment, different management practices and the levels of worker 
awareness and how to deal with antibiotics treated animals (Mohamed, 
2004). Moreover the absence of product grading systems, regulations and 
hygiene and standards of milk supply do not exist to evaluate quality 
product (Mohamed, 2004). In addition to the lack of pasteurization and 
cooling facilities, which encourage producers to adulterate, their milk by 
using antibiotic and other chemical preservatives in order to increase the 
shelf life of milk (Sid Ahmed, 2006).  
Table 4.9 showed that positive milk samples for antibiotic and 
sulphonamide residues were high compared to those collected from many 
farms, this was due to misuse of antibiotics, although the concentration of 
many antibiotics in samples of milk were diluted (Sid Ahmed, 2006). It 
was noticed that in most of the farms, the farmers are used to mix milk 
from many cows in bulk tank or container as he reported. Similarly the 
sallers in the sale points also mixes all milk collected from many farms. In 
spite of this numbers of the positive samples of raw cow milk (Table 4.9), 
it was demonstrated that venders are used to add antibiotics to milk in 
order to preserve and increased shelf- life, which supported Sid Ahmed 
(2006). The residues of antibiotics are harmful when transferred to humans 
though milk resulting into therapy failure and development of antibiotic 
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resistant organisms (Manie et al., 1999, Yaghoub et al., 2005 and El 
Zubeir et al., 2006).  
The presence of antibiotics residues in milk supply chain was 
attributed to lack of knowledge, antibiotic residues attitude and 
malpractices, which are usually referred to as knowledge, attitude, and 
practice (KAP) among the part of the farmers lowers and renters toward 
the use of veterinary drugs  (Kirk, 2001). He added that antibiotic residues 
in milk are, undesirable for public health and for technological reasons. 
Moreover the presence of antibiotics residue in milk represent a potential 
hazard to man (Booth, 1998). He also added that antibiotics residue in milk 
intended for production of cheese or for the formation of milk products 
requiring the use of bacterial cultures may result in the killing of these 
cultures with subsequent substantial losses of the dairy industry. 
Table 4.9 showed that positive milk samples for formaldehyde 
contamination were high in the sale points compared to those collected 
from farms, which might be due to the milk seller who might add chemical 
preservatives to milk in order to increase its shelf life (Elghoul, 1995). He 
found decrease in total bacterial counts at six hours after the addition of 
hydrogen peroxide. Saha et al. (2003) observed that the keeping quality of 
milk with hydrogen peroxide increased compared with untreated milk. 
Moreover Karmakar (1997) reported that formaldehyde was added at 0.01 
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and 0.4% formalin on cow milk stored at refrigeration temperature for up 
to 30 days showed no changes in appearance of formalin.  
 Table 4.4 shows the mean value of acidity of milk collected from 
Khartoum State was 0.20± 0.23, which was disagreed with Foley et al. 
(1974) who stated that the acidity of milk would in most cases fall within 
the range of 0.12 to 0.22%. However, this result was lower than that 
reported by Mohamed (2000), as she found the acidity to be 0.22± 0.02 
and it agreed with that reported by Idris et al. ( 1975) who found the 
acidity of milk of the Sudanese cattle was in the range of 0.16- 0.23 % 
with a meanvalue of 0.19 %. Moreover Al-Tarazi et al. (2003) found that 
only 74 out of 160 milk samples showed titratable acidity of ≤ 0.18 % and 
mean value of 0.199± 0.033 %. It was also observed that titratable acidity 
of milk during summer was higher (0.20± 0.22) than that during winter 
(0.19± 0.22) as shown in Table 4.4. This could be due to higher 
temperature in summer and higher bacterial number during summer 
samples as shown in Tables 4.6 and 4.1, which supported Mohamed’s 
(2004) findings.  It was also found that titrtable acidity percent of milk 
samples from sale points was higher (0.20± 0.19) than the milk samples 
from farms (0.19± 0.25). This might be attributed to the lack of cooling 
facilities during transportation and distribution of milk as reported 
previously (IDF, 1994). Moreover the bad roads and long distances 
traveled from production areas to the consumers added more to the 
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dilemma by facilitating rapid multiplication of microorganisms and hence 
increase the production of acid (Abd - Elfrag, 2004). It was found that the 
mean pH value for milk samples (6.6± 0.44) was similar to the value 
reported by Foley et al. (1974) who stated that pH of milk is about 6.6. The 
present result was in agreement with Al-Tarazi et al. (2003) who found 
that the pH of milk samples ranged from 6.2 to 6.8. Similarly, Mohamed 
(2004) reported mean values of pH in Khartoum State of 6.5 ± 0.30. The 
average mean value of the temperature of milk samples was 27 ±3.79o C 
(Table 4.6). Similarly Haj Mahmoud (2002) found that 54% of the milk 
samples had temperature ranging between 28–31o C and 34% had ranged 
between 21-27o C. Mohamed (2004) concluded that milk in Khartoum 
State  was handled in temperature, which might facilitate the growth and 
multiplication of pathogenic bacteria during production, transportation and 
marketing. During winter the mean temperature of milk samples was 25± 
3.86 o C, while during summer it was 28± 2.44o C (Table 4.6). This might 
be due to higher atmospheric temperature in summer.  
The significant variations of shelf life obtained for milk samples 
collected from different locations in the different seasons was found to 
correlate negatively (r═ -0.080 ) with total bacterial counts. This indicated 
that total bacterial counts are important factor in the evaluation of the 
quality of milk as reported previously (IDF, 1994; Murphy and Boor, 2000 
and Elmagli and El Zubeir, 2006). 
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 The present study showed the isolation of 8 potential and 
opportunistic pathogens from milk samples obtained from both farms and 
sale points. This supported Yaghoub et al. (2005) as they isolated more or 
less similar bacteria from raw milk from both farm and sale points in 
Khartoum North. The presence of those bacteria in milk suggested 
contamination from various sources, which may include animal, human, 
environment, utensils and other (Giovannini, 1998 and Murphy and Boor, 
2000). The high numbers of the isolated microorganisms not only 
contaminate the milk but also multiply and grow in it (IDF, 1994). This 
might be due to the fact that milk is a good nutritive medium for the 
growth of the microorganisms, especially with poor sanitary procedures 
(IDF, 1994 and Adesiyon et al., 1997) and that the lack of the cooling 
facilities (Murphy and Boor, 2000). The incidence of isolated bacteria was 
found to be in the farms and sale points. This may indicate extra source of 
contamination like milk equipment and containers as previously stated by 
Murphy and Boor (2000). Moreover the higher incidence of isolated 
bacteria was found to be Citrobacter kasseri followed by Escherichia coli 
(Table 10).This might be due to the improper hygiene and sanitation, poor 
cleaning and marketing environment in addition to primitive system of 
transportation and marketing  (Elmagli and El Zubeir 2006). The presence 
of Corynobacterium ovis might indicated that the milk from sheep was 
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mixed with cow’s milk as it was noticed that sheep and cows were found 
in same farm.  
The bacteria isolated (Staphylococcus aureus, Streptococcus 
pyogenes, Corynobacterium ovis, Eschericia coli, Citrobacter kasseri, 
Kelbesilla aergenes, Pseudomones earginosa, Proteus mirabilis) from the 
raw milk in the present study showed wide range of multiple resistances to 
the tested antimicrobial agents. Penicillin, cilndanycin and ampicillin 
showed the highest resistance (Table 4.13). This is an alarming result since 
these antibiotics are commonly used in most of farm in Sudan. 
Staphylococcus aureus showed high resistance to chloramphencol in the 
present study.  However this was in accord to Mohamed et al. (1993); 
Yaghoub et al., 2005 and El Zubeir et al (2006) who found low resistance 
for chloramphencol. This might be due to the uncommon use of this 
antibiotic in the local farms. This supported Singh and Boxi (1982) and 
Mohamed et al. (1993). They reported that chloramphencol was the most 
effective and pencillin was the least effective antimicrobial agents. 
Chlormphencol showed the best antimicrobial effect against the tested 
organisms followed by gentamicin and piperacillin. This might be due to 
un availability of those drugs in most of the cases or their high price as was 
reported previously by Mohamed (2004). The presence of antibiotics in the 
milk samples of most of the studied farms might be due to the fact that 
during winter when weather becomes cold, diseases such as pneumonia 
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increased, and farmers used antibiotics to treat animals, therefore 
antibiotics residue transferred into milk. Also it might indicate the increase 
of awareness among the animal. This could be attributed to the increased 
education levels and increase the veterinarian visits during animal 
treatment. The high awareness was also observed from our informal 
discussion with some of the farmers and milk sellers who supply clean 
milk.  
This study suggested that more efforts are needed to enhance and 
promote farms and markets (sale points) of milk by developing screening 
confirmatory tests on sale points and farm milk. Moreover, the ministries 
concerned should adopt comprehensive strategy for ensuring a safe milk 
supply of good quality. These strategies should include promoting 
knowledge of farmers’ standard by teaching and extension and the 
adoption of grading quality testing of milk. Ultimately, the milk testing 
programs should become component of the quality process that is focus on 
the milk farms and the producers in producing high quality milk. 
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CONCLUSION AND RECOMMENDATIONS 
Conclusion:-  
From this study the following conclusion could be drawn:  
Milk samples collected during summer were highly contaminated 
compared to those collected during winter. Milk samples collected from 
Khartoum North showed high total bacterial counts, while milk collected 
from Khartoum revealed lower total bacteria counts. However the 
antibiotic residues were highest in the milk sample collected from 
Khartoum and lowest in Khartoum North. On the other hand the milk 
samples from sale points showed highest total bacterial counts followed by 
milk samples obtained from farms. Similarly formalin detection test 
showed that the milk samples from sale points showed higher values 
compared to that from the farms milk. However, other chemical (hydrogen 
peroxide and alkaline of ash) were detected only in the milk samples 
collected from the farms  
Antibiotics residues are prohibited in the milk supply and the 
responsibility is depending upon the producer's knowledge, attitude, and 
practice (KAP) for the veterinary drugs. The high incidence of antibiotic 
residues in the milk samples collected from venders may be due to the 
addition of antibiotics to the milk in order to prolong its shelf life. 
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In the present, study most of the bacteria isolated from the raw milk 
(Staphylococcus aureus, Streptococcus pyogenes, Corynobacterium ovis, 
Eschericia coli, Citrobacter kasseri, Kelbesilla aergenes, Pseudomones 
earginosa, Proteus mirabilis) showed wide range of multiple resistances to 
the tested antimicrobial agents. The highest resistance was to pencillin 
(63.33%), collxacillin (63.33%) clindamycin (56.66%), and ampicillin 
(56.66%) showed the highest resistance, while cloramphenicol (3.33%) 
showed the highest antimicrobial activity against the test organisms 
followed by pipercillin (13.33%) and gentamicin (20.00%). 
Recommendations 
1/  Farmers should improve their milking practices to reduce mastitis 
infection. Moreover vaccination programmes for epidemic diseases 
should be applied in order to minimize the need for antibiotic 
treatment. 
2/  Education programmes on the uses of antibiotic and withdrawal 
period should be implemented for farms owners and lobours. 
3/  The official authorities should control the chemical residues in milk 
and milk hygiene though the milk chains by constructing of quality 
control measures for milk and milk products.  
4/  Future work on evaluation of milk should be focused on the 
following: 
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a/  Milk should be cooled immediately after milking, during 
transportation and storage to eliminate growth and 
multiplication of microorganisms. 
b/  Introduction of proper collection centers and milk 
pasteurization factories to ensure the distribution of safe 
products to the consumers. 
c/ Payment for milk according to quality should be introduced in 
Khartoum State to encourage the production good quality  
milk. 
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